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Professionals 


BDM wants to talk with you if you’re looking for a 
fast-paced, innovative company. We invite you to 
use your academic background and entrepre¬ 
neurial spirit to solve the problems that our clients 
bring to us. We are committed to strengthening 
the nation in meaningful ways—in defense, com¬ 
munications, space and many other areas. We 
take our capabilities and services directly to our 
clients. By using state-of-the-art technologies, we 
are able to find new, more effective solutions to 
difficult problems. 

A broad spectrum of technologically challenging 
opportunities await you at our 36 nationwide 
locations. We offer you your choice of locations 
including McLean, VA; Albuquerque, NM; Los 
Angeles, CA; Huntsville, AL; Dayton, OH; Colum¬ 
bia, MD; Seattle, Ft. Lewis, and Tacoma, WA; and 
Austin, TX. Positions are available in the following 
areas: 

Artificial Intelligence Engineers 

• Expert Systems 

• Advanced Computer Architecture 

• Knowledge Representation & Acquisition 

• LISP, KEE, Symbolics 3600s 

• Military Systems/Battle Management 
Applications 

Software Engineers 

• Real-Time Software Development 

• LANs 

• TCP/IP, Ethernet, DECNET 

• System Test and Integration 

• Intelligence Fusion 

• Configuration Management 

• Quality Assurance 

• Computer Security 

• CAD/CAM 

• Hardware/Software Integration 

• Computer Integrated Manufacturing 
Data Base Management Systems Leaders 

• Micro-Based Data Management Systems 

• FORTRAN, COBOL, Pascal, “C” 

• VAX/VMS/MVS/UNIX 

• Large Data Base Management Systems 

• DATACOM/DB 

• PSL/PSA 

• Yourdon/DeMarco Structured Methodologies 

• ORACLE 

• Model 204 

• Relational Data Base Management Systems 
These are prime opportunities for Senior Engineers, 
Computer Scientists, and Information Systems 
professionals, preferably with an MS or PhD and 3 



or more years of experience. Please send your 
resume with location preference to: 


The BDM Corporation 
Holly C. Marcario 
7915 Jones Branch Dr. 
McLean, VA 22102 
The BDM Corporation 
Judy C. Salmon 
10116-36th Ave„ CTSW 
Tacoma, WA 98499 
The BDM Corporation 
Deanna P. Weaver 
Dept. CM-0686 
2227 Drake Ave. 
Huntsville, AL 35805 


The BDM Corporation 
Ann C. Greenberg 
1801 Randolph Rd„ SE 
Albuquerque, NM 87106 
The BDM Corporation 
Mary C. Eckhardt 
6104 Poe Ave. 

Dayton, OH 45414 
The BDM Corporation 
Lilly C. Hill 

5155 West Rosecrans Ave. 
Hawthorne, CA 90250 


Equal Opportunity Err 


. Subsidiary of BDM 
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Your Future Is Too Important To Spend Anywhere Else. 











Announcing new PC SIMSCRIPT II.5 
... with animation 



SIMSCRIPT II.5 with animation now on personal computers 

free trial—see how 

SIMSCRIPT II.5 helps you build a realistic model 


the complete 

SIMSCRIPT II.5 on a PC 

SIMSCRIPT II.5 for personal 
computers is the same popular 
simulation language that is now wide¬ 
ly used on mainframes. 

You can now build realistic models 
of military, manufacturing, communi¬ 
cations, logistics, transportation or 
other systems on your PC. 

PC SIMSCRIPT includes a new 
programming environment that makes 
it easy for you to develop, verify, 
modify, and enhance simulation 
models on a personal computer, 
natural method of modelling 

When building a model in 
SIMSCRIPT, you describe the simu¬ 
lated system as consisting of certain 
types of entities: perhaps workers, 
machines and jobs in a simulated 
factory; or flights and airports in a 
simulated air transport system; or 
jobs, processors, channels, and I/O 
devices in a simulated computer 
system. 

For each type of entity you 
give names to the attributes that 
characterize it. 

You also name the sets an entity 
type may belong to, and the sets it 
may own. 

Since your model is English-like, 
with names that you choose, it reads 
like a description of the simulated 
system. The model can be read and 
verified by non-programmers who 
understand the system under study. 

This makes your model develop¬ 
ment, validation and evolutionary 
changes much easier. 


large models on your PC 

Your model and data are not 
limited by the size of the PC. 
SIMSCRIPT is the only simulation 
tool that automatically makes use of 
the hard disk as a memory extension, 
reduced cost 

SIMSCRIPT II.5® is a well estab¬ 
lished, standardized, and widely 
used language with proven software 
support. 

Experience has shown that SIM¬ 
SCRIPT II.5 reduces simulation 
programming time and cost 
severalfold compared to other 
simulation techniques, 
animated and graphical results 

With PC SIMSCRIPT II.5® you 
build models that can show an 
animated picture of the system under 
study. Observing the simulation 
improves understanding of the 
system and builds confidence in the 
model. 

Because you see the operation of 
the simulated system and can easily 
try alternatives, the time and cost of 
system analysis are sharply reduced. 

computers with SIMSCRIPT II.5 

1. IBM Personal Computer AT, 

XT, PC or compatible, with a hard 
disk. 

2. Most Mainframe computer types 
including IBM, CDC, VAX, Univac, 
Prime, Gould, Data General and 
Honeywell. 


SIMSCRIPT II.5 and PC SIMSCRIPT 11.5 are registered 


free trial 

The free trial package contains 
everything you need to try SIM¬ 
SCRIPT II.5 on your own computer. 

We send you PC or Mainframe 
SIMSCRIPT II.5, installation instruc¬ 
tions, sample models, and a complete 
set of documentation. You can build 
your own model or modify one of 
ours. No cost or obligation. 

special offer free training 

For a limited time we will also 
include free training. Space is limited 
so act now to avoid disappointment. 

Call Rick Crawford at (619) 
457-9681 to reserve your place. 


free trial- learn the reasons for the broad 
and growing popularity of SIMSCRIPT 
II.5—no cost or obligation 

special offer- return the coupon today 
and we will include one free course enroll¬ 
ment worth $850 
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Return to: IEEE C0M 

CACI 

3344 North Torrey Pines Court 
La Jolla, California 92037 

Or, better yet, 

call Rick Crawford at (619) 457-9681 


©1985 CACI, INC.-FEDERAL 












COMPUTER 


June 1986 

Volume 19 Number 6 (ISSN 0018-9162) 

FEATURE ARTICLES 



6 Guest Editors' Introduction 

James T. Cain and Ronald G. Hoelzeman 

The Education Activities Board of the Computer Society seeks to provide sound guidelines for the 
education of the computer professional. 

lO Education and America's Industrial Future 

Lawrence P. Grayson 

America’s industrial strength is on the wane, and to recapture its former preeminence in the world 
economy it must continue to improve its educational system. 

20 Design Education in Computer Science and Engineering 
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UNIVERSITY AT BUFFALO 

STATE UNIVERSITY OF NEW YORK 

COMPUTER ENGINEERING FACULTY 

The Department of Electrical and Computer Engineer¬ 
ing at SUNYAB invites applications for a senior professor 
position in Computer Engineering. This senior faculty will 
play the leading role in the expansion of our program in 
Computer Engineering. Additional junior faculty and sub¬ 
stantial university support are associated with the senior 
faculty position. 

Currently there are about 30 faculty and 130 full-time 
graduate students in the Department. SUNYAB is in the 
midst of a multi-million-dollar program in upgrading its 
computer facilities at all levels. The Department has 
several VAX’s, a Prime CAD/CAM system, and excellent, 
separate image processing facilities. Salary will be com¬ 
petitive. 

Candidates with proven records of research and teach¬ 
ing should send resume, including at least three refer¬ 
ences, to Professor David M. Benenson, Chairman, Depart¬ 
ment of Electrical and Computer Engineering, Bell Hall, 
State University of New York at Buffalo, New York, 14260. 
The University is an equal opportunity, affirmative action 
employer. 


Pride, Progress 
& Productivity 

Three over-riding management strategies have enabled Presearch 
Incorporated to maintain a special niche in the fast changing 
world of high tech professional services: 

• Unfailing dedication to improving state-of-the-art in systems, 
methods and equipment. 

• Maintaining the responsive, “can-do” character of a small com¬ 
pany, even though we have grown steadily in our 22 years. 

• Attracting and maintaining the most qualified staff, commit¬ 
ted to the highest professional standards. 

Presearch is a valued source of professional answers to difficult 
questions posed by DOD, DOE and commercial clients. Our 
reputation for excellence extends from Information Systems Plan¬ 
ning, Design, and Implementation in mainframe and micro envi¬ 
ronments to Software Engineering/Design and Operational 
Analysis. We are developing office systems in ‘C,’ realtime com¬ 
mand and control systems in Ada, and are deeply committed to 
in-house funded R&D in Ada software engineering, embedded 
systems design, and software tools development. 

Recent expansion has created the need for bright, energetic 
Computer Scientists and Engineers who are seeking to share the 
spirit, enthusiasm and “can-do” environment at Presearch. 

For immediate consideration, call J. Wamstad at 
(703) 876-6404 or send your resume in confidence to: 
Presearch, 8500 Executive Park Avenue, Department IE, 
Fairfax, Virginia 22031. An Equal Opportunity Employer. 

U.S. citizenship required. 
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You’re invited to Anaheim, California! 

Join us for The 10th IEEE/PES Transmission and 
Distribution Conference and Exposition. 


Don’t miss this record-breaking event. 

Held only once every two-and-one- 
half years, this 10th Conference 
and Exposition will feature the 
leading edge in the industry. 

The Conference will 
represent the latest tech¬ 
nology and ideas in power 
transmission and distribution. 

Featured will be more than 100 
technical papers presented by 
an array of international authors detailing 
their findings in research, design and T and D 
engineering. Plus, Technical Inspection tours 
will give you a first-hand look at current equip¬ 
ment and systems in operation. 

The Exposition promises to be the largest ever held, 
with more than 120,000 square feet of floor space— 
featuring approximately 250 manufacturers and 
service companies. They will all be under one roof 
for your convenience. 

The Anaheim Convention Center is the ideal location 
for this very important event. Southern California is 
home to some of the world s most advanced alterna¬ 
tive power generating facilities, consequently, it’s the 
perfect environment for our Conference theme: 
“Transmission and Distribution—Now and Tomorrow”. 



A “Must”for 1986. September 14-19, t.d. Mole 

Anaheim Convention Center, Anaheim, CA 


10th IEEE/PES Transmission 
and Distribution Conference 
and Exposition 

September 14-19,1986 
Anaheim Convention Center 
Anaheim, California 



MAIL THIS COUPON FOR COMPLETE INFORMATION. 

1986 IEEE/PES Transmission and Distribution Conference arid Exposition 
c/o Fred Klumb, General Chairman 
P.O. Box 800 

Rosemead, California 91770 

□ Send me complete registration materials. 

□ Send me information on exhibiting at the 1986 IEEE/PES Transmission 
and Distribution Exposition. 

Name_Title_ 

Organization_ 

Address__ 

City/State_Zip_ 














The Education 
Activities Board of the 
Computer Society 
seeks to provide 
sound guidelines for 
the education of the 
computer 
professional. 


Guest Editors' 
Introduction 


James T. Cain and Ronald G. Hoelzeman 


T he ongoing and rapid rate of techno¬ 
logical development in the computer 
and associated fields continues to 
place a special burden on computer pro¬ 
fessionals to stay up-to-date. A solid ed¬ 
ucational foundation is essential for the 
lifelong learning necessary to meet this 
challenge. The Computer Society has a 
responsibility to assist its membership 
and the institutions that educate them in 
offering programs that prepare graduates 
for entrance into the computer science and 
engineering profession. The articles in this 
issue address some aspects of the educa¬ 
tion of the computer professional. 

The nature and quality of precollege ed¬ 
ucational programs is an appropriate 
starting point for a discussion of the edu¬ 
cation of the computer professional. In 
the first article, “Education and Amer¬ 
ica’s Industrial Future,” Larry Grayson 
reports on the status of precollege educa¬ 
tion in the United States. His article estab¬ 
lishes a correlation between manufactur¬ 
ing productivity and the mathematics and 
science capabilities of the US labor force 
and then gives some alarming statistics 
relative to the capabilities of current US 
secondary school graduates. Hopefully, 
this article will provide a stimulus for all in 
the computer field to provide the leader¬ 
ship and support at both the local and na¬ 
tional level to make the necessary changes 
in the US education system. Such changes 
are essential to higher education in gener¬ 
al, and to computer science and engineer¬ 
ing education in particular. Dr. Grayson 
notes some of the efforts of the IEEE at 
the Institute level to address these prob¬ 
lems. The Computer Society is also ad¬ 
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dressing this problem through partici¬ 
pation in the Technology in Education 
project sponsored by AFIPS. This project 
is now at the stage of testing of the proto¬ 
type materials and procedures. A full re¬ 
port will appear in a future issue of 
Computer. 

In 1977 the Society published the report 
“Model Curricula in Computer Science 
and Engineering.” This report provided a 
comprehensive overview of the material 
that should be contained in a basic under¬ 
graduate curriculum. In 1981, a commit¬ 
tee was formed to update this report, and 
after an extensive review, decided that all 
aspects of a program needed to be ad¬ 
dressed. In 1983, The Computer Society 
Model Program in Computer Science and 
Engineering was published. This report 
addressed the faculty and other resource 
requirements of a program in addition to 
an update of the curriculum aspects. The 
Educational Activities Board, or EAB, 
next undertook a project to address the 
design component of such a program. The 
report on this project will be published this 
year. The second article in this issue, 
“Design Education in Computer Science 
and Engineering,” presents an overview 
of that project. 

Laboratories are one aspect of com¬ 
puter science and engineering programs 
that are very difficult to sustain. In 1984, 
the EAB initiated a project to address this 
issue. The highlights of this Laboratory 
Project are described in the Update section 
of this issue. In the third article, “Using 
Low-Cost Workstation to Investigate 
Computer Networks and Distributed Sys¬ 
tems,” Mark Sherman and Ann Marks of 
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Dartmouth address the same issue by pre¬ 
senting the design of a laboratory for com¬ 
puter networking. The article provides the 
highlights of an interesting educational ex¬ 
periment and illustrates how the laborato¬ 
ry can be used to teach this very important 
yet still somewhat amorphous topic. 

The demand for educational programs 
in the computer area continues to exceed 
the ability of the higher educational system 
to provide quality programs. Many exist¬ 
ing programs are marginal or substandard 
in quality. This presents a problem for 
both the prospective students and employ¬ 
ers because of the difficulty in assessing 
the quality of programs. It has been 
recognized that professional accreditation 
of academic programs helps to solve this 
problem. The Society played a major role 
in establishing criteria for the Accredita¬ 
tion Board for Engineering and Technol¬ 
ogy, or ABET, accreditation of engi¬ 
neering programs in the computer area. 

Programs in the computer area that are 
not based in engineering have, in the past, 
had no accreditation mechanism to assist 
them. This past year the Computer Sci¬ 
ence Accreditation Board, or CSAB, 
began operation. 1 CSAB was established 
by the joint effort of the Society and the 
ACM and provides an accreditation mech¬ 
anism for this class of programs. It is now 
completing its first cycle of visits and 
evaluations. Naturally, as with any new 
venture, there are some areas of concern 
and disagreement. One class of programs 
for which there was concern are those 
based in liberal arts colleges. In the fourth 
article, “Vocationalism and the Whole 
Man,” a report on two workshops, Jerry 
Engel and John Dalphin present the 
results of the some of the efforts of the 
Society and the ACM to address this issue. 

In an effort to gain feedback on the 
wider issue of accreditation of computer 
science programs of all types, the EAB 
organized a panel session at Compcon 
Spring this year. In the fifth article, 
“Computer Sciences Accreditation Pro 
and Con,” Ware Myers presents a sum¬ 
mary of this session. 


References 

J. T. Cain, “Professional Accreditation for the 
Computing Sciences,” Computer, Vol. 19, No. 
1, Jan. 1986. 



James T. Cain is currently the CS vice president 
for Publications, a CS representative director 
to and the vice president of CSAB, a member of 
the IEEE TAB Periodicals Committee, and a 
program evaluator for ABET. 

Cain is an associate professor of electrical en¬ 
gineering at the University of Pittsburgh. His 
research interests lie in the areas of real time and 
interactive computing. He has prior industrial 
experience with Bell Telephone Laboratories, 
Bell Telephone Company of PA, and Westing- 
house Electric Corporation. He received a 
BSEE, MSEE, and the PhD from Pitt in 1964, 
1966, and 1970, respectively. He is a past 
recipient of a Computer Society award for the 
Development of the 1977 Model Curricula, 
1978; the Dow Outstanding Young Faculty 
Award, 1977; the Western Electric Award for 
Excellence in Engineering Education, 1981; 
and the IEEE-CS Outstanding Contribution 
Award for Contributions to Accreditation of 
Computer Science Programs, 1985. 
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Ronald G. Hoelzeman is an associate professor 
of electrical engineering at the University of 
Pittsburgh. His academic interests are primar¬ 
ily in the areas of computer-aided engineering 
and computer simulation. In addition to his 
former position with the Computer Systems 
Division of the Westinghouse Electric Corpora¬ 
tion, he has taught at the American University 
of Beirut. He has received Outstanding Engi¬ 
neering Educator Awards from the Dow Chem¬ 
ical Company and from the Western Electric 
Corporation. 

Hoelzeman has held a number of leadership 
positions within the Computer Society and the 
IEEE, and is presently the Division VIII 
Director of the Institute. 

Readers may write to the authors at the De¬ 
partment of Electrical Engineering, University 
of Pittsburgh, Pittsburgh, PA 15261. 
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Announcing TPs Second 
Satellite Symposium: A 
To Getting Started. 



“To help you get started in AI we have assigned one of our 
top scientists ... Dr. Harry R. Tennant—to explore with you 
the work of today*s leading authorities and practical appliers, 
and to bring you their best advice. ” 


Dr. George Heilmeier, Senior Vice President and Chief Technical Officer, Texas Instruments 









Artificial Intelligence 
Step-By-Step Guide 

For companies, laboratories, universities, 
or any organization investigating AI and the 
application of expert systems. A simple hookup 
brings it into your auditorium or conference room. 
On June 25, 1986 


On November 13, 1985, more than 
30,000 people participated in TI’s first 
satellite symposium on AI—and 97.5% 
expressed interest in another one. 
Announcing “Knowledge-Based 
Systems: A Step-By-Step Guide 
To Getting Started.” 

Symposium II is designed for managers 
and visionary technologists who may 
already be involved in AI or begin¬ 
ning to explore its potential. And, you 
need not have participated in the first 
symposium to benefit from this one. 

Dr. Harry R. Tennant has devoted 
months of research surveying the work 
of world-class AI experts. Dr. Tennant 
will present the results of his investiga¬ 
tion into the practical experiences of 
people directly involved in implemen¬ 
ting knowledge-based systems. 

Through on-screen interviews and 
interpretative commentary, Dr. Ten¬ 
nant will bring you much of the best 
advice and practical know-how that 
exists today. 

In about five hours, you’ll gain in¬ 
sights, perspective and step-by-step 
knowledge it might otherwise take 
months to acquire through ordinary 
study and trial-and-error experience. 

By simply downlinking the satellite 
signal into your own facility, you can 
share this valuable learning experience 
with as many people as you like—at no 
charge from TU 

Learn from leading authorities and 
real-world experience. 

You’ll hear and see AI pioneers such 
as Dr. Edward A. Feigenbaum, noted 
AI author and educator from Stanford 
and past president of the American 



Dr. Harry R. Tennant. Senior Member 
Technical Staff and manager of artificial 
intelligence research in TI’s Computer 
Science Laboratory. Invented the concept of 
menu-based natural language understanding. 
Involved in knowledge representation 
systems, expert systems, logic programming, 
information management, and working LISP 
systems into the PC and other small com¬ 
puters. Author of “Natural Language Proc¬ 
essing: An Introduction to an Emerging 
Technology.” Selected as one of America’s 
top scientists under the age of 40 by 
“Science Digest” magazine. 


And, you’ll learn from several inno¬ 
vative people from various companies 
who have successfully developed their 
own expert systems. 

Bringing AI Symposium II into 
your organization is easy and 
inexpensive. 

Almost 500 sites received the first 
symposium. It’s neither difficult nor 
expensive. All you need is a satellite 
dish and TV monitors. If you’re not 
already equipped, everything you need 
can be rented for about $1,500. We’ll, 
tell you how. 

Send for full information. Now. 

Fill out the coupon below and rush it 
to us for details. 


Texas^ 

Instruments 


Association of Artificial Intelligence, 
and Dr. John D. McDermott, Founder 
and Vice President of Operations of 
the Carnegie Group, who turned an 
uncommon number of his expert 
systems research projects into 
successful applications. 

You’ll also hear from executives and 
innovators of some of the key software 
tools used for development of expert 
systems: Thomas P. Kehler, Chairman 
of the Board and Chief Executive Offi¬ 
cer of Intellicorp. James C. Williams, 
Vice President of Technology of 
Inference Corporation. 
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Education and 
America's Industrial 
Future 


Lawrence P. Grayson, US Department of Education 


America's industrial 
strength is on the 
wane, and to 
recapture its former 
preeminence in the 
world economy it 
must continue to 
improve its 
educational system. 


T he United States is an information- 
based, high-technology society, with 
computers and other advanced tech¬ 
nologies affecting increasingly numerous 
aspects of the nation’s life. A particularly 
perceptible effect of technology is its im¬ 
pact on jobs and the economy. A recent 
study by the US Office of Technology As¬ 
sessment, for example, found that in all in¬ 
dustries considered .the in troduction o f 
electronics caused productio n jobs—un- 
skfllech semiskilled.~and skilled —to disap- 
pear. According to the study, the typical 
“TreWjobs created were for computer pro¬ 
grammers and operators, or for service 
and repair personnel trained to work on 
the latest generation of equipment. 1 Fur¬ 
ther, of the twenty occupations projected 
by the US Department of Labor to grow 
the fastest between now and 1995, listed in 
Table l, 2 almost all are related to high 
technology. 

Although high technology will provide 
a minority of the nation’s total job growth 
in the next decade or more, it also is clear 
that technology will impact large numbers 
of lower-skilled, traditional jobs in ways 
that are not yet fully known. It has been 
estimated that within about the next 15 
years, 45 percent of all jobs and as many as 
76 percent of the white-collar jobs will be 
affected by automation. 3 The US Depart¬ 
ment of Labor further estimates that by 
1990 three of every four jobs will require 
some technical training beyond high 
school. 

US Government work not protected by 


There are many academic skills that 
everyone should learn. High among these 
is an adequate knowledge of mathematics 
and science. Everyone needs a basic edu¬ 
cation in those subjects, not only future 
engineers and scientists, or even only 
college-bound students. A panel of em¬ 
ployers convened by the National Acad¬ 
emy of Sciences concluded that students 
not intending to go to college may not 
need advanced or theoretical courses in 
mathematics and science, but they do need 
a working knowledge of these subjects to 
perform their jobs correctly, with preci¬ 
sion, and, most importantly, with under¬ 
standing. 4 Basic skills in measuring, 
estimating, and calculating, as well as in 
the methods of scientific inquiry and mea¬ 
surement, are necessary in a growing num¬ 
ber of job functions. 

Professionals need an even deeper un¬ 
derstanding of mathematics and science. 
A society, no matter how advanced, re¬ 
quires only a relatively small number of 
highly trained engineers and scientists to 
create new ideas and techniques to fuel its 
industries and economy. However, the de¬ 
velopment of those technologies, their 
production, operation, and maintenance, 
requires operators, mechanics, produc¬ 
tion workers, managers, and marketing 
personnel who have enough technical edu¬ 
cation so that they can understand, apply, 
and deal with the new technologies. 

The major economic and social impacts 
of any technology come as it is diffused 


1 US copyright, 
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throughout society. Although the devel¬ 
opment and sale of computers, for exam¬ 
ple, is a significant industry, their major 
effects occur as a result of their use to im¬ 
prove the productivity of existing opera¬ 
tions and to create new products and ser¬ 
vices in factories, offices, and businesses 
far removed from the computer industry. 
This diffusion throughout society requires 
an educated citizenry, including con¬ 
sumers, lawyers, physicians, accountants, 
politicians, and others, who have an 
understanding of mathematical concepts 
such as probability and risk, and of the 
elementary principles of the physical and 
life sciences, so that they can resolve the 
broad social and environmental issues that 
this diffusion implies. A modern democ¬ 
racy requires a population that can under¬ 
stand the underlying technical aspects of 
its society in order to participate respon¬ 
sibly in the decisions that shape the nation 
and affect individual lives. 

Education and industrial 
competiveness 

Many industries now operate on a 
global scale, so that a nation’s companies 
must compete against firms from other 
countries, both in its own and in foreign 
markets. The success of American busi¬ 
nesses in this international marketplace 
will be determined by the quality of its 
work force, which to a significant degree is 
dependent on the education of the Amer¬ 
ican people. 5 Well-educated workers are 
essential for technological innovation and 
economic competitiveness. Ill-prepared 
and poorly trained employees, such as 
those with antiquated functional skills or 
deficient academic attainments, ultimately 
make substandard contributions to a na¬ 
tion’s industries. 

Education is not the only factor affect¬ 
ing economic growth, but clearly it is an 
essential one. It is people who have new 
ideas, create technologies, devise pro¬ 
cesses, operate and maintain systems, and 
take the risks inherent in producing new, 
high-quality products that are necessary 
for the continued improvements in the 
standard of living and for competing ef¬ 
fectively in international marketplaces. 
Education contributes to increases in a 
company’s competitiveness, not only by 
improving the quality of labor, but by pro¬ 


viding the basis for advances in technol¬ 
ogy, improvements in management prac¬ 
tices, increases in productivity, and new 
product developments. 

America’s difficulties in competing 
against companies from other nations is 
evidenced by the problems of its automo¬ 
bile, steel, and aluminum industries; by its 
diminishing role in consumer electronics; 
and more recently by the growing com¬ 
petition from Japan and Western Europe 


in semiconductors, computers, and tele¬ 
communications and in industries that de¬ 
pend on these technologies for future 
growth. 

Over the last 25 years, annual growth 
rates in manufacturing productivity in the 
United States, as shown in Figure 1, have 
been less than that in Japan, France, West 
Germany, and the United Kingdom, 6 the 
United States’ chief economic com- 


Table 1. The 20 fastest growing occupations, 1982-1995. 

Occupation 

Percentage 
change in 
employment 

Change in 
the number 
employed 

Computer service technicians 

97 

53 

Legal assistants 

94 

43 

Computer systems analysts 

85 

217 

Computer programmers 

77 

205 

Computer operators 

76 

160 

Office machine repairers 

72 

40 

Physical therapy assistants 

68 

26 

Electrical engineers 

65 

209 

Civil engineering technicians 

64 

23 

Peripheral electronic data-processing equipment operators 

64 

31 

Insurance clerks, medical 

62 

53 

Electrical and electronics technicians 

61 

222 

Occupational therapists 

60 

15 

Surveyor helpers 

59 

23 

Credit clerks, banking and insurance 

54 

27 

Physical therapists 

54 

25 

Employment interviewers 

53 

30 

Mechanical engineers 

52 

109 

Mechanical engineering technicians 

52 

25 

Compression and ignition mold machine operators, plastics 

50 

47 
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Table 2. Average annual rates of change of manufacturing productivity and 
compensation. 



1960-73 

1973-81 

1982 

1983 1984 

Annual percentage change 
in productivity 

3.0 

1.7 

2.1 

4.3 3.5 

(output per hour) 

Annual percentage change in 
compensation per hour 

5.0 

9.5 

9.4 

8.8 3.6 


Table 3. Largest producers of cars and trucks in the free world. 

Rank 

1950 

1960 

1970 

1980 

i 

GM 

GM 

GM 

GM 

2 

Ford 

Ford 

Ford 

Ford 

3 

Chrysler 

Chrysler 

Chrysler 

Toyota 

4 

Studebaker 

VW 

VW 

Nissan 

5 

Nash 

BMC 

Fiat 

VW 

6 

Kaiser-Fraser 

Fiat 

Toyota 

Renault 

7 

Morris 

Renault 

Nissan 

Peugeot-Citroen 

8 

Hudson 

AMC 

Renault 

Fiat 

9 

Austin. 

Citroen 

BL 

Chrysler 

10 

Renault 

Simca 

Peugeot 

Toyo Kogyo 

11 

Fiat 

Peugeot 

Citroen 

Honda 

12 

International Harvester 

Rootes 

Daimler-Benz 

Mitsubishi 

13 

VW 

Daimler-Benz 

Mitsubishi 

Daimler-Benz 

14 

Standard 

Toyota 

Toyo Kogyo 

Suzuki 

15 

Rootes 

Standard 

AMC 

BL 


petitors. Further, as noted in Table 2, 
since 1960 the productivity growth rate 
(measured as average annual change in 
output per hour) has been less than the 
growth of hourly compensation for per¬ 
sons in the US manufacturing sector. As 
productivity growth declines' in relation to 
wages, American firms are at a competi¬ 
tive disadvantage relative to those in other 
countries with higher productivity or 
lower wage structures. The greater this dif¬ 
ference, the less able are US firms to 
compete both in their home and overseas 
markets against companies from other na¬ 
tions. This directly affects company sales, 
job availability, personal income, and, 
eventually, the standard of living in 
America. 

The automotive industry is a well-publi¬ 
cized example of the effect of declining US 
competitiveness. Table 3 illustrates how 
the 15 largest producers of cars and trucks 
in the free world have changed in the past 
35 years. 7 In 1950, half of these com¬ 


panies were American; not one was 
Japanese. In 1982, there were only three 
American companies on the list; six were 
Japanese. In 1985, Honda surpassed 
American Motors and became the fourth 
largest seller of automobiles in the United 
States. The displacement of American 
firms from the list means fewer jobs for 
American workers, and a loss of US 
income. 

The major strides Japan has made in the 
growth of its industries have paralleled the 
development of a high level of math and 
science education taught in Japanese 
schools. 8 All Japanese high school stu¬ 
dents, for example, study the elements of 
probability and statistics, subjects that 
very few American high school students 
learn. Further, over 90 percent of the 18- 
and 19-year-olds in Japan graduate high 
school, while in the United States only 72 
percent of this age group has completed 
high school. This high level of math 
knowledge among all graduates allows the 


production worker to describe problems 
that may occur on the shop floor in analyt¬ 
ical terms, and allows operators, super¬ 
visors, and engineers to meet in quality 
circles and discuss in meaningful ways sub¬ 
jects such as statistical quality control. 
This would be impossible in the average 
US production operation. 

The Business-Higher Education Forum 
in a recent study of America’s economic 
competitiveness described the situation 
thus: 9 “Unless we rebuild the American 
economy and strengthen our educational 
system, it will be increasingly difficult—if 
not impossible—to maintain a just socie¬ 
ty, a high standard of living for all Ameri¬ 
cans, and a strong national defense.” 

America's performance 
in education 

America has a strong commitment to 
education. Currently, the United States 
spends some $200 billion annually to edu¬ 
cate 58 million students in its schools, col¬ 
leges, and universities. More Americans 
now go to school for more years than peo¬ 
ple in any other country in history. Today, 
about 60 percent of US high school grad¬ 
uates continue to college, and about 40 
percent of all 19-year-olds in the country 
are full-time students. The result is that the 
educational attainment of the civilian 
labor force has been rising steadily. In 
1950, almost 60 percent of the civilian 
labor force had not graduated from high 
school; today, 83 percent have completed 
at least four years of high school. One- 
fourth of the present adult labor force are 
college graduates. 

Unfortunately, time in school alone is 
not always an accurate measure of in¬ 
dustrially useful, academic skills. In 1963, 
the United States ranked second among 
developed nations in the “measured skill 
endowments” of its labor force; by 1975, 
however, the United States moved to 
seventh place. In 1981, when 10 million 
people were unemployed, nearly 1 million 
jobs went unfilled. 10 

Americans do not necessarily need more 
education, but they need better education. 
The problem has been the quality and type 
of education provided, not the quantity of 
schooling. Unfortunately, America has 
allowed the quality of its educational sys¬ 
tem to decline. If children in the United 
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States are to benefit from and participate 
fully in the nation’s rapidly changing 
society, they must receive a high-quality 
education, including a basic knowledge of 
math and science. Such learning must 
begin in elementary school, and continue 
through high school into higher educa¬ 
tion. But American schools have not been 
adequately preparing students for tomor¬ 
row’s world. 

Consider that: 

• Scores on the Scholastic Aptitude 
Test, or SAT, which is taken by about 1 
million students annually, declined 27 
points in math and 47 points in verbal 
scores from 1963 to 1985.* 

• Two-thirds of all 17-year-old stu¬ 
dents, as evaluated by the National Assess¬ 
ment of Educational Progress, cannot 
solve a mathematical problem involving 
several steps; 58 percent of the 17-year- 
olds cannot find the area of a square given 
one side; two-thirds cannot solve a simple 
math problem involving several steps; and 
82 percent cannot find the area of a right 
triangle given the lengths of all three sides. 

• There has been a steady decline in 
science achievement scores of 17-year-olds 
as measured by national assessments of 
science in 1969, 1973, 1977, and 1982. 

• A recent study of American high 
schools, done for The Carnegie Commis¬ 
sion for the Advancement of Teaching, 
reports that 50 percent of the students do 
not know that a star is more like the sun 
than it is like a meteor, comet, moon, or 
planet; 88 percent do not know that plas¬ 
tics are petroleum products; and 46 per¬ 
cent do not know that heat is produced as 
a result of combustion. 11 

• Today, one in six college freshmen is 
enrolled in a remedial reading course; one 
in five in a remedial writing course; and 
one in four in a remedial math course. 

• An examination given by the state of 
New Jersey in 1983 to over 50,000 fresh¬ 
men in all state and many private colleges 
and universities found that 88 percent 
were not proficient in ninth grade math. 12 

• Annual surveys of teacher demand 
show that over the seven-year period from 
1979 to 1985, there was a considerable and 
consistent shortage of mathematics, sci- 


•In the last two years, from 1983 to 1985, math 
scores increased from 468 to 475, and verbal scores 
from 425 to 431. This is encouraging, and hopefully 


ence, and chemistry teachers in US high 
schools. 13 

• From 1971 to 1983, the average num¬ 
ber of students per institution completing 
student teaching dropped 2 Vi -fold in sci¬ 
ence and almost five-fold in mathematics. 

• Although research shows a high cor¬ 
relation between verbal ability of teachers 
and achievement of their students, the 
scores on the Scholastic Aptitude Test of 
high school seniors intending to major in 
education have fallen about twice as fast as 
the average SAT scores, and were 23 
points below the national average in verbal 
ability and 32 points below in mathematics 
in 1984. 

• Further, once in a teaching position, 
persons scoring higher on the National 
Teachers Examination are almost twice as 
likely to leave teaching as all others with 
similar experience. 

The problems at the elementary and sec¬ 
ondary school levels are serious, and occur 
in all subject areas—in math and science, 
in foreign languages, in music and fine 
arts, in history, geography, and govern¬ 
ment, and in reading comprehension and 
English composition. In short, Americans 
are not learning the mathematics, science, 
and technology that is the basis for the 
country’s future—and they are being de¬ 
prived of a knowledge of the traditions, 
ideals, and cultural heritage that have 
shaped their nation. 

International 

comparisons 

Japan recognized the importance of 
education for its future 25 years ago, when 
its Economic Council declared: 14 “Eco¬ 
nomic competition among nations is a 
technical competition, and technical com¬ 
petition has become an educational com¬ 
petition.” The same recognition and sub¬ 
sequent commitment to education persist 
today, not only in Japan, but in many Eur¬ 
opean countries, in the Soviet Union, in 
the newly industrialized countries of Asia, 
in China, as well as in other developed and 
rapidly developing nations. 

As a result of their emphasis on educa¬ 
tion, America’s major economic competi¬ 
tors over the last 25 years have seen their 
elementary and secondary school students 
consistently outperform students from the 
United States in tests of mathematics, 


Americans are not 
learning the 
mathematics, 
science, and 
technology that is the 
basis for the country's 
future. 


science, and reading. In 19 international 
assessments of education conducted be¬ 
tween 1960 and 1983, the United States 
never placed first and was last five times 
among industrialized nations. 15 In most 
evaluations comparing the performance 
of students in the United States, Japan, 
West Germany, France, and the United 
Kingdom, the results have been similar— 
Japan is usually first, followed by the 
European countries, and the United States 
last. 

In the most recent assessment of mathe¬ 
matics whose results are just being re¬ 
leased, eighth grade students in the United 
States ranked lower, based on total score, 
than students from Japan, France, and 
England-Wales. The scores for the various 
categories tested are given in Figure 2. Fur¬ 
ther, among 20 nations that included both 
industrialized and third world nations, 16 
US students ranked eighth in statistics, 
tenth in arithmetic, twelfth in algebra, six¬ 
teenth in geometry, and eighteenth in mea¬ 
surement. By comparison, Japan came in 
first in every category tested. 

The same results have been repeated in 
assessments of vocational as well as aca¬ 
demic skills. Since 1975, the United States 
and its major economic competitors have 
participated in a biannual vocational skills 
Olympics. The abilities tested include 
precision machining, drafting, electronics, 
welding, and other skills needed by indus¬ 
trial workers. On average level of perfor¬ 
mance in the five competitions held be¬ 
tween 1975 and 1983, as shown in Figure 3, 
the Japanese placed first and the United 
States last among the five nations. 17 

The free-world countries involved in 
economic competition are not the only 
ones about which to be concerned. Al¬ 
though the Soviet Union has not partici- 
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Figure 2. Second International Assessment of Mathematics, 1984. Mean scores for 
eighth-grade students. 
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Figure 3. Average scores on Biannual International Skills Olympics, 1975-1984. 


pated in the international assessments, it 
has developed a universal system of educa¬ 
tion that stresses math and science educa¬ 
tion to a degree even greater than Japan. 

An educated population and a well- 
trained work force are essential for a coun¬ 
try’s economic strength. Yet, Americans 
have let the educational standards of its 
schools decline. In 1982, the National 
Commission on Excellence in Education 
released a report entitled A Nation at Risk. 
In that report, the Commission recom¬ 
mended that a standard high school cur¬ 
riculum should consist of four years of 
English, three years of math, three years of 
science, three years of social science, two 
years of a foreign language, and one-half 
year of computer science. Aside from the 


computer science, the recommended cur¬ 
riculum was commonplace 20 years or 
more ago for students aspiring to go to col¬ 
lege. After the report was released, the US 
Department of Education did a study of 
the transcripts of high school students 
graduating in 1982. It was found that less 
than 2 percent, or about 1 in 50 students, 
completed a curriculum that demanding, 
in spite of the fact that more high school 
graduates now are continuing to college 
than in the past. 18 

Although only 10-20 percent of the 
students in France, the Federal Republic 
of Germany, and the United Kingdom, 
and 30 percent in Japan attend univer¬ 
sities, all of these students receive a sec¬ 
ondary education that provides them with 


a solid understanding of mathematics, 
physics, chemistry, and biology, and for 
some even of zoology and astronomy. 19 
Since a nation’s leaders are trained in 
universities, these nations are assured that 
senior officials in government, business, 
and industry will have an understanding of 
mathematics and science appropriate for 
informed leadership of economies de¬ 
pendent on science and technology for 
future growth. Further, students in these 
countries who do not attend universities, 
but are educated to assume mid-level tech¬ 
nical and managerial positions or to be¬ 
come the skilled technicians, laborers, and 
operatives in industry also receive a solid 
education in the concepts and applications 
of science and technology. 

The United States, in contrast, has 
been eminently successful in educating en¬ 
gineers and scientists to a high level of 
knowledge and creativity. Its leaders have 
advanced the state of knowledge through 
research, created new products especially 
in high-technology areas, and established 
entrepreneurial companies on a scale that 
surpasses that of the other countries of the 
world. The failing of the United States, 
however, is in not educating everyone to 
fully participate in and contribute to a 
society dependent on science and technol¬ 
ogy. To be competitive in today’s world 
marketplace, government and industrial 
leaders who set policies, mid-level manag¬ 
ers who must implement the policies, and 
the work force in general (which is largely 
responsible for quality and productivity 
gains) must have a basic knowledge of 
mathematics, science, and technology that 
is a knowledge far greater in depth and 
scope than most American students now 
are receiving. 


Suggestions for the 
future 

In order to be economically competitive 
on an international level, a nation must 
have policies and programs that enhance 
and improve productivity and stimulate 
trade in world markets; that provide in¬ 
centives for the development of new and 
ease the transition from declining indus¬ 
tries; and that encourage R&D, entrepre¬ 
neurial initiatives, and capital formation 
in order to create new ideas and transform 
them into marketable products and ser- 
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vices. Further, persons in or aspiring to be 
in the labor force must attain the training 
and retraining they need to adapt to the 
changing skill requirements of industry. 

If America is to retain its preeminent, 
but rapidly eroding economic position 
in the world, it must commit itself to 
strengthening its educational system. 
American education needs more and bet¬ 
ter prepared teachers, updated curricula 
and teaching materials, and increased aca¬ 
demic standards. This will be achieved 
only by the development of a national re¬ 
solve to solve the problems of its schools, a 
strong commitment to excellence in educa¬ 
tion, and action by all concerned—its edu¬ 
cational institutions, government at all 
levels, federal, state and local, business 
and industry, professional societies, and 
individuals. Parents, who have the pri¬ 
mary responsibility for the education of 
their children, must become more in¬ 


volved, and must assume a greater re¬ 
sponsibility for their children’s education. 

Many states and school districts recog¬ 
nize the problem and are acting to increase 
requirements for high school graduation; 
raise college admission standards; revise 
curricula; improve programs for teacher 
preparation and professional develop¬ 
ment; address the appropriateness of cur¬ 
rent certification requirements; and 
improve placement procedures, career op¬ 
portunities, and rewards for teachers. To¬ 
day, for example, fourteen states require 
three years of mathematics for high school 
graduation; eight states require three years 
of science. Although the numbers are 
modest, this is sharp contrast to 1980, 
when no state required three years of 
either math or science. 

s numerous as these initiatives are, 
they are only a beginning. The 
United States must continue to 


improve its educational system, building 
upon the recent efforts that have been 
made. It must provide a high-quality edu¬ 
cation for all of its students—for those 
who attend college and for those who elect 
to work at an earlier age; for those whose 
parents can afford it and for those whose 
parents cannot; for those in large cities and 
for those in rural towns. It must make 
teaching once again an honored and de¬ 
sired career so that highly capable men and 
women will enter and remain in the profes¬ 
sion. It must not be complacent about 
educational system and what its children 
are being thought. It must strive for ex¬ 
cellence. The American education system 
must continue to be improved and revital¬ 
ized so that its schools can effectively 
educate young American citizens to live, 
work, participate in, understand, and en¬ 
joy the fruits of such a high-technology 
society. □ 
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Track I Track II 


Chain Mike Liu, Ohio State Unlv. 
Track III 


Microprocessor Architecture: 
Principles & Examples 
Semicustom Design of VLSI Circuits 
Systolic Array Processing 
Adv. Microprocessors & High-Level 
Language Computer Architecture 
Survlvable Computing Systems 


TUTORIAL WEEK Los Angeles '86 


Distributed Systems Design 
Distributed Systems: Specification, 
Design and Verification 
Synchronization, Resource Allocation 
& Broadcasting in Distributed 
Systems 

Principles of Message-Based 
Operating Systems 
Distributed Database Applications 


Data Communications 
Digital PBX: Integrated Volce/Data- 
Corrcepts, Technology and Products 
LANs, PC Networks and Workstations 
Local Computer Networks: 

Software Applications 
Performance Analysis of Local Area 
Networks 


August 18-22,1986 Chair Masahlro Tsuchlya 


Track I 

Knowledge-Based Systems 
Advanced Topics In Expert Systems 
Prolog and Knowledge Information 
Processing 

Knowledge-Based Systems for Soft¬ 
ware Development and Maintenance 
Computers for Al Applications 


Track II 

Computer Communlatlon Networks— 
Design and Analysis 
Distributed Systems 
Small Computer Local Area Networks 
Network Interconnections and 

Computer Security 


Track III 

Interactive Software Development 
Environments 

Automated Tools for Software 
Engineering 
Software Testing 

Expert Systems and Intelligent Agents 
Ada* 


TUTORIAL WEEK Boston '86 


Track I 

Software Quality 
Assurance—A Practical 

Software Configuration 
Management I 
Software Configuration 
Management II 
Quantitative Approach to 
Software Management 
and Engineering 
Ada Environments 


Track II 

Tools for Building Expert 


PROLOG and Language 
Processor Prototyping 
The Management of 
Expert System 
Development 
Knowledge-Based Systems 
for Software Develop¬ 
ment and Maintenance 
Computers for Artificial 
Intelligence Applications 


September 8-12,1986 
Track III 

Networking PC s 
Fault-Tolerant Distributed 
Operating Systems 
Performance Analysis of 
Local Area Networks 
Tools for Developers of 
Distributed Software 
Systems 

Query Processing In 
Relational Database 
Management Systems 


Chain Ted Bonn 
Track IV 

Compilers for Super¬ 
computers 
Vector Processing 
Work Station Technology 
Semi-Custom Design of 
VLSI Circuits 
Systems Performance 
Gains with Parallel 
Processing Techniques 


See future issues of Computer Magazine for details on the following events: 

TW Research Triangle Park '86, October 17-20,1986 
TW San Francisco '86, (previously known as TW West), November 17-21,1986 
TW Austin '86, December 15-19,1986 

For further Information return this form to: 

Director of Tutorials, IEEE Computer Society 

1730 Massachusetts Avenue, NW, Washington, DC 20036-1903 

Telephone: (202J 371-0101 

Name: .v■■ - ; - _ _ 

Organization: ■; ■ •- _________ _ _ 

Address:' r ' " ' ■ ■ ' ■' • : ■ ■. 

City/State/Zip/Country. ' : ■ /'„ '■ ■ : 


of the U.S. Government Ada Joint Program Office 
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Lawrence P. Grayson is a member of the US 
Department of Education, where he has served 
as Institute Advisor for Mathematics, Science 
and Technology at the National Institute of 
Education, and as the organizer of a major 
study of education in Japan. He holds a PhD in 
electrical engineering from the Polytechnic In¬ 
stitute of Brooklyn, has taught at The Johns 
Hopkins University and at Manhattan College, 
and worked at IBM before joining the federal 
government. 

Grayson is chairman of IEEE’s USAB/EAB 
Precollege Education Committee and was Vice 
Chairman of the Educational Activities Board; 
served as vice president and member of the 
board of directors of the ASEE; served as the 
US representative to the Education and Train¬ 
ing Committee of the World Federation of 
Engineering Organizations; was chairman of 
UNESCO’s International Working Group on 
Curriculum Design in Engineering Education; 
was a member of the US National Commission 
for UNESCO; and is a Fellow of the IEEE, the 
ASEE, and the American Association for the 
Advancement of Science. He is a registered pro¬ 
fessional engineer in the State of Maryland. 

Readers may write to the author at the US 
Dept, of Education, Office of the Assistant 
Secretary for Educational Research and Im¬ 
provement, Washington, DC 20208. 


Software 

Professionals 

IZH3E3 


Design and implement new 
communications network advances. 

NCR Engineering and Manufacturing in Dayton is a 
pacesetter in the development of intelligent terminals and 
branch automation systems for banks, savings institu¬ 
tions, and other financial markets. 

To keep pace with rapidly advancing software technology, 
we seek highly qualified professionals for key roles that 
offer high visibility and new technical challenge. Team 
up with NCR’s leadership in one of the following 
capacities: 

Software Systems Architect 

In our Technology and Systems Architecture Group, you 
will lead the definition and design of distributed systems 
architecture involving intelligent workstations. Requires 
a BS in Computer Science or Engineering backed by 
experience in software design/implementation, especially 
in systems utilizing LAN technology. Experience in API 
development based on OSI model is essential. Also 
required is experience with PC’s, the UNIX* operating 
system, distributed file systems and distributed error 
recovery. 

Senior Software Analyst 

In our System Software Development Group, you will 
implement transaction processing and distributed sys- 
ems based on state-of-the-art technology. We will look to 
you to act as field consultant for communications and 
system software for current and prospective customers. 
Requires a BS in Computer Science or Engineering 
backed by 5 years of experience in communications or 
transaction processing software. Knowledge of ‘C’ and 
M68000 assembler language, UNIX*, NCR TMX, 

SNA, X.25 and LANs desirable. 

As an innovative $4-billion company, NCR offers a 
competitive salary, outstanding company benefits and 
advancement opportunity. To find out more, please send 
your resume and salary history indicating position of 
interest to: 

Ms. Jayne Rohl, Dept. 118M 
Engineering & Manufacturing Dayton 
NCR Corporation 
Dayton, Ohio 45479. 


When you know where we’re going, you’ll choose NCR. 
An equal opportunity employer. 

♦UNIX is a trademark of AT&T Bell Laboratories. 
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Explore the Knowledge-based Society 
During the Professional Conference 


Really nine special conferences in one. Just to highlight one of the nine tracks covered at FJCC ’86- 


Q* Education 

• Software Systems 

• Artificial Intelligence 

• Supercomputing 

• Algorithms 

• Modeling/Measurement 

• Computer Design 

• International Developments 

• Operating Systems/Data Bases/LAM’S 


FJCC ’86 Presents Education 

Major changes have taken place in education technology 
in the last decade. Lionel Baldwin, President of National 
Technological University, has put together a track that shows 
you what is in place and what can be done. The NTCJ 
presentations describe its ambitious offering of graduate 
education through satellite broadcasts of lectures direct to 
corporate sites. Fred Mowle and Sartaj Sahni will describe 
this program, and to show its effectiveness they will deliver 
their presentation by satellite to the FJCC. Computers, too, 
have had a major impact on how education is delivered. Arthur 
Melmed’s session reveals new computer applications for 
elementary and high schools, colleges, and professional 
education. 

The blackboard and chalk is giving way to new technology, 
and you’ll see it at the FJCC ’86. 


* 


Do you Recognize the Famous Dates? 
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PROFESSIONAL EDUCATION PROGRAMS 

The FJCC ’86 Professional Education 
Programs will provide computing pro¬ 
fessionals with the opportunity to 
enhance their knowledge and skills. To 
accomplish this, an extensive program 
of one and two day courses will be held 
on November 2 and 3. In addition to 
traditional lecture-style presentations, 
there will be hands-on workshops where 
attendees will use computer tools and 
techniques. 












JOIN US AT FJCC ’86 

INFOMART— Dallas, Texas 

The Fall Joint Computer Conference ’86 
will be the forum for ACM’s and IEEE 
Computer Society’s Annual Conferences in 1986. 


A Special Invitation 
From The President of 



“The IEEE Computer Society is proud to 
combine forces with ACM to hold the 1986 Fall 
Joint Computer Conference. Two years ago we 
decided to co-sponsor a major industry event 
and selected a team to conduct a meeting that 
would replace our individual annual confer¬ 
ences. That team, headed by Stan Winkler, 


For further conference information, 
return the coupon or contact: 

• Conference 

Dr. Stanley Winkler 

FJCC ’86 

1730 Massachusetts Ave., N.W. 
Washington, D.C. 20036-1903 

• Program 

Dr. Harold S. Stone 

IBM TJ. Watson Research Center 

P.O. Box 218 

Yorktown Heights, NY 10598 

• Professional Development 

Toni Shetler 

TRW Systems Division W1/4454 
7600 Colshire Drive 
McLean, VA 22102 
. Exhibits 

Tim Durkin or David McKeever 
INFOMART 

1950 Stemmons Freeway 
Dallas, TX 75207 
(214)746-3524 or (214)746-3542 
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to Attend FJCC ’86 
IEEE Computer Society' 

Harold Stone and Toni Shelter, has 
implemented concepts that far exceeded our 
expectations. 

FJCC ’86 has the key ingredients for a 
successful conference: a strong technical 
program covering the major topics of impor¬ 
tance today, hands-on workshops that enable 
you to acquire a working understanding of new 
ideas, and an exhibits program which has 
attracted key vendors to use FJCC ’86 to launch 
new product announcements. 

Join us and enjoy the fruits of our labor!” 

L 

Roy L. Russo 

President 

IEEE Computer Society 


Return to: FJCC ’86,1730 Massachusetts Ave., N.W., Washington, D.C. 20036-1903 

□ YES. I’d like to attend FJCC ’86 and be where the action is on November 2-6,1986 in 
Dallas. Please send me more information about the conference and professional 
development programs. 

□ Please contact me regarding opportunities for exhibiting at FJCC ’86. 

Name__ ; -—-— T elephone _ 



















Design Education 
Computer Science 
Engineering 


in 

and 


Taylor Booth, University of Connecticut 
Tom Brubaker, Colorado State University 
Tom Cain, University of Pittsburgh 
Ron Danielson, Santa Clara University 
Ron Hoelzeman, University of Pittsburgh 
Glen Langdon, IBM 

Dave Soldan, Oklahoma State University 
Murali Varanasi, University of South Florida 


Design must continue 
to be the major 
aspect of an 
engineering 
education in the 
computer area. 


T here is a basic design methodology 
common to all areas of engineering, 
but for every branch of engineering 
there are some unique aspects to the design 
methodology. Design in the computer sci¬ 
ence and engineering field is dominated by 
the processin^oHriformation rather tiian 

rnethodTTrT computer science 6 and engi¬ 
neering, or CSE, are determined by the 
different kinds of and means of conveying 
information. The algorithms that process 
information span the hardware-software 
spectrum and bridge several conceptual 
levels. 

Beginning in undergraduate school, the 
process of becoming competent enough to 
take full responsibility for designing a ma¬ 
jor system takes an engineer many years to 
achieve. Every institution offering an un¬ 
dergraduate engineering program should 
ensure that its students develop design 
capabilities. How this is done is the 
responsibility of the faculty of each specif¬ 
ic program. The Accreditation Board for 
Engineering and Technology, or ABET, 1 
criteria require that the curriculum contain 
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one half year of engineering design. This 
requirement can be met by courses at all 
levels of an engineering program, but one 
senior-level course must be predominantly 
an integrated design course. The design 
component of the curriculum must in¬ 
clude some of the following features: 

• Development of student creativity, 

• Use of open-ended problems, 

• Formation of design problem state¬ 
ments and specifications, 

• Consideration of alternative solu¬ 
tions, 

• Feasibility considerations, and 

• Detailed system specifications. 

Student design projects should include a 

variety of realistic requirements such as 
economic factors, safety considerations, 
reliability, aesthetics, ethics, and social 
impact as integral components of the de¬ 
sign process. The Model Program Report 
published in 1983 2 by the Educational Ac¬ 
tivities Board, or EAB, of the Computer 
Society outlined components of a CSE 
curriculum and emphasized the impor¬ 
tance of design. In 1984 the EAB formed a 
task force to address the problems of 
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properly incorporating design into a com¬ 
puter science and engineering curriculum. 
The complete report of this task force will 
be published by the Society. 3 The re¬ 
mainder of this article is an overview of 
that report. 

Elements of design 

In the world of technology, design has 
been the traditional province of the engi¬ 
neer and differentiates the engineer from 
the scientist. The current ABET definition 
of engineering design is 1 

“Engineering design is the process of 
devising a system, component, or process 
to meet desired needs. It is a decision¬ 
making process (often iterative) in which 
the basic sciences, mathematics, and engi¬ 
neering sciences are applied to convert 
resources optimally to meet a stated objec¬ 
tive. Among the fundamental elements of 
the design process are the establishment of 
objectives and criteria, synthesis, analysis, 
construction, testing, and evaluation. 
Central to the process are the essential and 
complementary roles of synthesis and 
analysis.” 

Analysis plays a major role in the design 
process and is often confused with engi¬ 
neering design. To fully understand the 
design process one must understand the 
relationship of analysis to design. 

Engineering analysis involves two ma¬ 
jor activities: model-building and evalua¬ 
tion. The analysis process requires an 
understanding of the properties and char¬ 
acteristics of a problem. The first step in 
developing this understanding is to build a 
mathematical model (i.e., a mathematical 
abstraction) that represents the important 
features of the system, component, pro¬ 
cess, device, or activity to be investigated. 
To create such a model the engineer must 
have an in-depth understanding of the im¬ 
portant physical and mathematical rela¬ 
tionships needed to solve the problem. 
The accuracy of the model will depend on 
how well it reflects the important proper¬ 
ties and characteristics of the problem. 
Design decisions made on the basis of such 
a model will be only as good as the quality 
of the representation. The completed 
model is then used as a prototype on which 
all subsequent decisions about the design 
can be made. The model might be used to 
develop a set of equations describing the 


relationships between the values of one or 
more system parameters and the behavior 
of the system. In another application the 
model might be used to predict the re¬ 
sponse of a system to various types of 
inputs. 

Although engineering analysis is an in¬ 
tegral part of the engineering design 
process, many other factors must also be 
considered when undertaking a design. An 
engineer must consider a number of possi¬ 
ble solutions to a design problem before 
selecting the one that “best” meets the 
design criteria. Some of these criteria will 
involve technical considerations while 
other criteria will involve economic and 
social ones. A good engineering designer 
must have a high degree of technical com¬ 
petence and an in-depth knowledge of ap¬ 
propriate analytical methods. 

Creativity is also a part of the design 
process as seen when the designer comes 


Table 1. Major steps in the design process. 
Step 

description 


up with several alternative solutions to a 
design problem. The designer then em¬ 
ploys analytical techniques to evaluate 
these alternatives and select the one that 
best meets the design requirements. The 
important steps that make up the design 
process are summarized in Table 1. 

The remainder of this article discusses 
ways to integrate these components of the 
design process into an undergraduate 
computer science and engineering pro¬ 
gram. 

Design in the curriculum 

Planning is the key to the development 
of a curriculum that presents an integrated 
view of the design process. The goal is to 
make design activities progressively more 
challenging as the student proceeds from 
introductory to senior-level courses. In 


Define requirements 

Establish a set of requirements that must be satisfied by the system. Indicate input and output of system 
and the operations to be performed by the system. Set any performance or economic constraints. 

Develop specifications 

Use system requirements to develop a set of system specifications that indicate exactly what must be ac¬ 
complished by the system being designed. Specify the acceptance tests to be met by the solution. 

Preliminary design 

Using the requirements and specifications, develop models to represent a number of possible solutions to 
the design problem. List advantages and disadvantages of each solution. Select one or two preliminary 
designs for investigation and evaluatioft. 

Intermediate design 

Expand the preliminary designs to show the major organization and structure of the proposed system. 
Evaluate the refined designs and eliminate any design that is shown to be unacceptable. Use models 
and analysis methods to assist at this stage. 

Detailed design 

Develop a detailed architectural design of the proposed system. Evaluate the system to see if it will satisfy 
the specifications and requirements. If not, return to previous steps. Investigate prototypes of sub¬ 
systems if further information is needed. 

implementation 

Reduce architectural design to hardware or software that will be used to realize the system. Carry out 
tests to verify operation of each subsystem. 

Verification and acceptance 

Conduct tests on overall system to prove that it satisfies system specifications and requirements. 
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A typical introductory 
course would 
introduce the 
fundamentals of the 
computing process. 


particular, the design tools, the documen¬ 
tation requirements, and the design meth¬ 
ods presented to the students should be 
consistent throughout the curriculum. 
The planning process requires both global¬ 
wide, or curriculum-wide, planning and 
individual course planning. Global plan¬ 
ning selects the point in the curriculum 
where major topic areas or design con¬ 
cepts should be introduced and identifies 
common material and support facilities 
that must be available to each student. In¬ 
dividual course planning must consider 
the details of the design topics that are to 
be included in addition to how the course 
fits into the curriculum. The initial output 
of the global planning process is a set of re¬ 
quirements for each course that include: 

• The major topics covered, 

• The level of design activity demanded 
of the students, and 

• The design tools and concepts to be 
introduced and/or used. 

In addition, the faculty should agree on 
common teaching or learning material, 
such as documentation standards, pre¬ 
ferred programming languages, design 
support software, reference material, and 
laboratory support facilities. Although 
each professor may present the design pro¬ 
cess differently, each individual course 
must include the design content specified 
in the global plan. This plan should culmi¬ 
nate in at least one significant design proj¬ 
ect in the senior year. The introductory 
courses in an engineering curriculum are 
designed to build a solid foundation in 
mathematics, the basic sciences, and the 
engineering sciences. Similarly, introduc¬ 
tory computer science and engineering 
courses provide the foundation for more 
advanced courses in the hardware, soft¬ 


ware, and application areas. A typical in¬ 
troductory course would introduce the 
fundamentals of the computing process. 2 
Such courses are ideal to start introducing 
the process of engineering design. Nor¬ 
mally this course is supported by a labora¬ 
tory in which a structured language is used 
to carry out implementations of the algo¬ 
rithms and the other computational ac¬ 
tivities discussed in the lecture portion of 
the course. Case studies should be used to 
illustrate how different computing prob¬ 
lems can be solved. Experience has shown 
that software courses provide an excellent 
vehicle for introducing design content. A 
systematic approach to software devel¬ 
opment provides an excellent introduction 
to the design process. In the supporting 
laboratory, higher level software pro¬ 
cedures can be used to speed up the im¬ 
plementation process. This makes it possi¬ 
ble to explore meaningful design activities 
throughout the term. This is in contrast to 
most other areas of engineering, which re¬ 
quire substantial preparation before the 
design process can be treated. For exam¬ 
ple, database system design problems 
provide a rich source of case studies for 
introductory computing courses. Such 
problems involve the need to understand 
the input/output process, the selection of 
internal data structures, different data 
management techniques, and the trade¬ 
offs that must be considered in selecting 
the best algorithms to carry out these 
tasks. Some typical problems in the area 
include the design of a simple bibliograph¬ 
ical management system, the design of a 
dynamic telephone directory, or the design 
of an address book. These first efforts at 
carrying out a design must be closely 
monitored by the faculty member teaching 
the course. Executing a design can be very 
frustrating to a student. Encouragement 
and guidance are needed to make sure that 
each step of the design process is mastered 
and to provide helpful suggestions at 
critical points. 

The initial courses typically concentrate 
upon the algorithmic nature of software 
design, and are followed by courses in 
hardware design. Each student should 
complete one or two design problems of 
moderate difficulty that involve both 
hardware and software concepts by the 
end of the introductory course sequence. 

Courses with intermediate levels of 
design content introduce the student to 


more advanced principles and techniques 
and provide an opportunity to apply this 
material to a variety of realistic design 
problems. The goal of this intermediate 
level is to demonstrate and reinforce the 
fact that design activities have a common 
foundation in the algorithmic process and 
can be applied to any algorithmic, com¬ 
putational, or information processing 
problem—be it hardware, software, or an 
integrated hardware-software system. At 
this intermediate stage the conceptual lev¬ 
els involved run the gamut from complex 
software systems through the software- 
hardware interface, to computer design 
and implementation. The design stage in¬ 
cludes medium-sized projects. The follow¬ 
ing major areas should be considered: 

• Fundamentals of designing com¬ 
puters and software systems, 

• Hardware-software trade-offs, 

• The use of CAD techniques to sup¬ 
port the design process, and 

• Documentation skills. 

Before proceeding to advanced courses, 
students should have developed con¬ 
fidence in their ability to carry out design 
assignments. Students should also have a 
good understanding of the interrelation¬ 
ships of hardware and software, and the 
factors that must be considered in choos¬ 
ing between the two when carrying out a 
design. Additional objectives include pro¬ 
viding more laboratory experience, help¬ 
ing students understand the economic 
factors influencing the selection of a par¬ 
ticular design as well as the cost of the 
design activity itself, familiarizing stu¬ 
dents with different metrics such as per¬ 
formance tests to describe the quality of a 
design, and finally developing their oral 
and written communication skills. 

Advanced level design courses must in¬ 
troduce the students to the more advanced 
principles of design and give them the op¬ 
portunity to jointly solve realistic large 
design problems using a team approach. 

Students in advanced design classes 
should: 

• Integrate hardware and software, and 
explore the abundant design trade-offs 
(microprocessor courses are ideal for 
this); 

• Use design tools extensively; 

• Work for extended periods (several, 
weeks) in a design exercise with a group of 
two or three students; 
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• Document designs for several non¬ 
trivial projects; and 

• Give oral and written presentations of 
the results of a design exercise. 

All design projects, especially in upper 
division courses, should reinforce con¬ 
cepts being taught in class, as well as pro¬ 
vide design experience. Course projects 
are usually narrower in scope than real- 
world design projects. However, course 
projects should be of sufficient complexity 
to challenge students to prepare good 
designs and force them to find solutions 
for problems not well-understood when 
the design activity begins. 

Student’s motivation is enhanced when 
they are asked to undertake design proj¬ 
ects that represent a realistic challenge and 
are representative of current technology. 
For example, a student design team might 
be asked to carry out the development of a 
computer network to interconnect a num¬ 
ber of personal computers, or to under¬ 
take a software simulation to support the 
computer-aided design of logic networks. 
Appendix A of the full report provides 
several examples of such projects. 3 

A problem with most course-related 
projects is that the designs do not require 
the use of a sufficiently broad range of 
skills and tools within the CSE area. Many 
schools require a “senior design project” 
of one or more academic periods that 
brings together concepts and tools from 
several courses in a single large design 
project involving nearly all aspects of the 
design process. 

The faculty is responsible for designing 
the curriculum so that students have a 
range of topic areas from which the design 
project can be selected. Special design 
projects are often recommended that are 
related to the current research activities of 
the faculty or are supported by local in¬ 
dustry. Design problems of a routine or 
tedious nature should be avoided. 

Resource requirements 

The design component of a quality 
undergraduate engineering program re¬ 
quires a significant commitment of re¬ 
sources by the institution. Scarcity in 
resources for design has the effect of dis¬ 
couraging students, faculty, and for that 
matter practicing engineers to the point of 
diminishing their creativity. Hence, a 


shortage here will have greatest negative 
impact on this aspect of a CSE curriculum. 
It is essential that the institution plan for 
providing, maintaining, and renewing the 
required resources. Plans should be made 
for: 

• Sufficient faculty time, 

• Support personnel, 

• Laboratory facilities, and 

• Library facilities, component specifi¬ 
cations, and reference manuals. 

More than any other single item, faculty 
time is the most critical factor in providing 
adequate design content in any program. 
The department must plan on allocating 
sufficient faculty time for program devel¬ 
opment, laboratory development, work¬ 
ing with students, and the development of 
realistic design projects. Here are several 
areas where this extra time is required: 

• Increased faculty guidance and advice 
to each student; 

• Increased grading time for individual 
and detailed evaluations and comments on 
projects; 

• Development of new design projects 
each time the course is taught; 

• Creation of necessary lab facilities 
and design support tools; and 

• Supervision of the teaching assistants. 

Engineering faculty, as members of a 
professional school, must be evaluated to 
a significant extent on their current profes¬ 
sional activities, which should include a 
major design component. Faculty mem¬ 
bers who have demonstrated design ex¬ 
perience must teach and develop the 
courses with large design content. Grad¬ 
uate assistants are adequate to support the 
design courses, but should also be limited 
to those who have such experience. 

Courses that have major design content 
must allow for close faculty-student in¬ 
teraction. Introductory courses may in¬ 
volve a common lecture section with a 
number of smaller design sections limited 
to 15 students. Although some of these 
sections may be taught by experienced 
graduate assistants, the faculty member in 
charge of the course should also teach one 
of the design sections. In the more ad¬ 
vanced levels, design courses should be 
limited to 12 students to allow for in¬ 
dividual meetings with project teams, to 
accommodate the diversity of individual 
projects, and to allow for detailed com¬ 


The effective use of 
faculty requires 
support personnel. 


mentary on the written materials sub¬ 
mitted by the students during the term. 

The effective use of faculty requires 
support personnel. Design laboratories 
must be supported by an adequate number 
of technicians and, for large departments, 
a facilities engineer. The day-to-day 
operation and maintenance of the labora¬ 
tory should be the responsibility of these 
support personnel under the supervision 
of a faculty member. Together, they must 
work as a team to guarantee that the 
needed equipment and supplies are avail¬ 
able. As new projects are developed, it will 
be necessary to carry out enough prepara¬ 
tory evaluation of the proposed project to 
make sure that the project is within the 
capabilities of the available equipment and 
facilities. This work could be done by an 
experienced graduate assistant if a facil¬ 
ities engineer is not available. Experienced 
systems programmers must be available to 
support and maintain the software design 
tools associated with design courses (both 
hardware and software design). Prefer¬ 
ably, each different operating system en¬ 
vironment will have its own system pro¬ 
grammer. Graduate students may be used 
for supplemental programming support, 
but do not provide enough continuity to 
be the only system programming resource. 
In light of their professional development 
and research requirement, faculty should 
never have system programming respon¬ 
sibilities. 

Design laboratories require a major 
commitment by the institution. Labora¬ 
tory resources are required for compre¬ 
hensive projects that are complete design 
efforts, such as an implementation. The 
laboratories should be scheduled on an 
open basis to provide ample opportunities 
(Continued on p. 26) 
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for experimentation during students’ free 
time, to allow for student trial and error, 
and to allow students to successfully com¬ 
plete the design project. 

Software design projects require in¬ 
teractive computer facilities with rapid 
response time, and that are preferably 
located in an area with access limited to the 
students in the design course. There 
should be adequate workstations or ter¬ 
minals to provide each student several 
hours of use per week per design course. A 
range of software design tools should be 
available to support both hardware and 
software design activities. Hardware proj¬ 
ects must be supported by dependable lab¬ 
oratory equipment, adequate expendable 
supplies such as miscellaneous chips, 
leads, etc., and a selection of reference 
manuals, equipment manuals, and specifi¬ 
cation sheets. 

The design process includes becoming 
acquainted with what other designers have 
done to solve similar problems. Therefore, 
a well-supplied library facility with an up- 
to-date collection of technical publica¬ 
tions and books must be available. 

Many designs involve the students se¬ 
lecting and/or using components, subsys¬ 
tems, software, and instruments. A refer¬ 
ence area, i.e., laboratory library, close to 
the laboratories should have up-to-date 
specification sheets and reference manuals 
for any equipment and components avail¬ 
able to the students. This area should also 
include any standards documents relating 
to student projects and examples of previ¬ 
ous project reports. 

T he computer science and engineering 
field has a strong component of en¬ 
gineering design because of the 
many conceptual levels involved in infor¬ 
mation systems, from hardware com¬ 
ponents to complex software systems. 
Hence, design must be an integral part of 
the educational process from the outset. 

Design education can be a costly and 
time-consuming activity for an institution, 
but it cannot be omitted or diminished in 
emphasis. Instead design must continue to 
be the major aspect of an engineering 
education in the computer area. The Com¬ 
puter Society has undertaken the task of 
addressing the problems of design educa¬ 
tion in the form of a report. This article 
has presented an overview of some of the 
results in that report. 3 □ 
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Using Low-Cost 
Workstations to 
Investigate Computer 
Networks and 
Distributed Systems 


Mark Sherman and Ann Marks, Dartmouth College 


Undergraduates can 
study state-of-the-art 
distributed systems by 
using collections of 
low-cost workstations. 


A quality education in contempo¬ 
rary computer science requires 
that students gain experience with 
realistic systems. Many efforts at bringing 
empirical computer science to undergrad¬ 
uates focus on rather old technologies, for 
example, building a compiler or simulat¬ 
ing a disk scheduler. Although efforts are 
being made to use some newer technolo¬ 
gies, such as the advanced graphics of the 
workstations in Brown’s Balsa system 1-4 
and MIT’s Project Athena, 5 the efforts are 
concentrating on teaching traditional 
material in a new medium. However, the 
medium itself—networked workstations 
in a server environment—is worthy of 
exploration by undergraduate students in 
a laboratory setting. At Dartmouth, we 
developed a Computer Network Labora¬ 
tory to let students experiment with com¬ 
puter networks, protocols, and distributed 
systems. Through this article, we wish to 
share our experiences in designing the 
laboratory and give an example of how the 
laboratory was used in a computer net¬ 
work course. 


Requirements for the 
facilities 

The requirements for a computer net¬ 
work or distributed systems laboratory are 

0018-9162/86/0600-0032501.00 © 1986 IEEE 


quite different from those for facilities 
needed for a typical computer science 
course in algorithms, data structures, or 
compilers. When we decided to offer a 
network course emphasizing the experi¬ 
mental aspects of computer networks, we 
examined our campus-wide time-sharing 
facilities and found them inadequate. 
We decided that our laboratory facilities 
required 

• Many machines, 

• Reconfigurable facilities, 

• Unprotected, open systems, and 

• Economy and uniformity. 

Each criterion is explained below. 

Many machines. To investigate how a 
distributed system worked, we needed to 
physically distribute the system among 
several machines. Therefore each student 
would require some collection of machines 
for each assignment. As we describe in 
the sidebar Development Systems for Stu¬ 
dents, we allocated five machines per stu¬ 
dent. With so many machines, we also 
found that we needed extra machines to 
cover the inevitable breakdowns during 
the course. 

Reconfigurable facilities. Because net¬ 
works can use a variety of topologies, we 
needed to provide a way to reorganize the 
machines to create networks. Some exper- 
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iments examined contention on a bus that 
required many hosts to generate traffic; 
others measured a gateway between two 
networks; and still another considered 
only point-to-point communication with¬ 
out interference. Each experiment re¬ 
quired a different configuration of ma¬ 
chines. Further, our laboratory uses dis¬ 
tributed development and debugging 
facilities. For example, a gateway experi¬ 
ment may require network monitors on 
each network in contrast to a contention 
experiment that needs only a single moni¬ 
tor. Therefore, it is essential that we be 
able to organize our facilities in many dif¬ 
ferent ways without extensive hardware 
construction. 

Unprotected, open systems. The access 
provided by an unprotected, open system 
is needed to support a broad range of ac¬ 
tivities. Because many of our experiments 
need to replace or monitor very low-level 
features of the operating system, we re¬ 
quired that students have full access to any 
part of the machine. For example, some of 
our experiments were designed to measure 
the overhead expense of using general op¬ 
erating system facilities in a distributed 
system vs. making a special-purpose oper¬ 
ating system. Some facilities, such as a net¬ 
work monitor, require writing very low 
level parts of an operating system that 
directly control the network hardware. 

Economy and uniformity. We have 
found that if students can use a set of 
equipment for more than one course, and 
if they can use the equipment after the 
course has finished, there is a greater in¬ 
centive to learn the details of the systems 
and development aids. With a greater mas¬ 
tery of the basic system, the students are 
able to concentrate their attentions on the 
course material rather than on the details 
of the particular system they are using. 
One way to provide the uniformity is to en¬ 
courage the students to buy a machine of 
their own. Obviously, students’ funds are 
quite limited, and so the machine must be 
economical. Thus the need for economy is 
not merely so that we can afford the many 
machines required for the course, but so 
that individual students can also afford to 
purchase equipment for their own use. A 
similar effect is achieved if uniform equip¬ 
ment is used in a curriculum: having 
learned, for example, Unix, in one course, 


a student brings his or her knowledge of 
how to use the editor and mail system to 
the next course using Unix. 

Inadequacy of current 
systems 

Unfortunately, available systems did 
not meet our criteria. Historically, educa¬ 
tional institutions have relied on a campus 
computer utility for teaching the practical 
aspects of computer science. The utility is 
usually a centralized time-sharing system. 
But neither a utility nor a centralized, 
time-sharing system provides adequate 
facilities for experimenting with computer 
networks or distributed systems. The 
nature of a shared resource for use by 
students usually implies 

• Other people rely on the utility; 

• Relatively few systems are available; 

• Systems cannot be reconfigured; and 

• Nondeterministic and asynchronous 
aspects of systems are inaccessible for 
study. 

Because other people rely on the com¬ 
puter utility, the computation center (or 
other similar authority) must ensure that 
the utility is available, reliable, robust, and 
secure. None of these aspects can be as¬ 
sured if a large number of inexperienced 
students start making kernel changes in 
the running system. Therefore, students 
using a shared facility have limited access 
to a system’s resources and underlying 
hardware features. The limitations were 
designed to protect the system from a user 
and to protect one user from another. For 
example, a nonprivileged user cannot 
write and measure a true elevator schedul¬ 
ing algorithm for a disk drive—doing so 
would jeopardize other users who store 
files on the disk. Instead, a user is typically 
allowed to use synchronous calls to file 
system primitives that provide a high-level 
byte-stream abstraction. For the student, 
a simulator is employed to experiment 
with a disk scheduling algorithm. Unfor¬ 
tunately, such simulators usually beg the 
issue of what is to be demonstrated, since 
there is no way for most simulator writers 
to compare their simulators against the ac¬ 
tual system—the simulator writers are also 
nonprivileged users! 

Even if students were allowed to change 
a utility system, a typical computer utility 
is inadequate for a network or distributed 


systems laboratory. First, the students’ ex¬ 
periments could not be adequately con¬ 
trolled; that is, other users of the system 
would perturb the results and interfere 
with the students’ work. Second, most 
utilities are wired into a campus-wide 
network that has a predetermined con¬ 
figuration. The hardware and software for 
reconfiguring the network is generally un¬ 
available, even if the utility’s operators 
were inclined to let a class reconfigure a 
system. 

Using collections of 
workstations 

Because the centralized, time-sharing 
utility could not meet our needs, we were 
drawn toward the use of workstations as 
the basis of our laboratory equipment. A 
typical workstation provides many of the 
same environments available on a shared 
system. However, a user may arbitrarily 
change the underlying configuration of a 
workstation’s software or hardware in 
order to experiment with alternative tech¬ 
niques or to demonstrate certain proper¬ 
ties. Some features that can be investi¬ 
gated include new disk configurations and 
algorithms, network protocols, interrupt 
structures, processor scheduling algo¬ 
rithms, and memory allocation algo¬ 
rithms. Another feature of workstations is 
their economy: one can purchase several 
workstations in order to demonstrate dis¬ 
tributed algorithms, to investigate system 
architectures that improve reliability, and 
to experiment with network services. 

While we were designing our laborato¬ 
ry, Dartmouth College became an Apple 
University Consortium member, which 
allowed us to purchase Macintosh equip¬ 
ment 6 at a substantial discount. Therefore 
we could obtain the necessary equipment 
at an acceptable cost. Further, we believed 
that students would purchase large num¬ 
bers of the same machine for their own 
use. At the same time, a decision was made 
at Dartmouth to use the network architec¬ 
ture being proposed by Apple (now called 
AppleTalk 7 ) to connect together all the 
Macintoshes on the campus. Therefore we 
could expect to find local expertise on the 
construction of networks using Macin¬ 
toshes. Thus we made a decision to run 
our laboratory on Macintoshes with 
AppleTalk. 
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Development systems for students 


A successful computer laboratory 
needs sufficient tools to allow students 
to perform their work effectively and effi¬ 
ciently. Especially among manufacturers 
who offer reduced or restricted systems 
for "educational use,” there Is a wide¬ 
spread belief that student facilities need 
only minimal support. In fact, students 
need the most advanced tools to which 
they can gain access. All the usual needs 
to improve productivity that are asserted 
for commercial projects apply equally 
well to students—those alone should 
justify the tools. Because of the academ¬ 
ic calendar, students face some unusual 
situations that demand sophisticated 
tools for their projects: exceptional learn¬ 
ing curves, productivity requirements, 
and strict deadlines. 

Exceptional learning curves. A typical 
10-week quarter will have about eight as¬ 
signments, or one per week. Since aca¬ 
demic regulations generally prohibit as¬ 
signments due dates during the last two 
weeks of a term (to prevent finals being 
surreptitiously given during the regular 
term), students are required to produce 
some relevant piece of software during 
their first week in class. The students 
must therefore learn the editor, decode 
compiler diagnostic messages, under¬ 
stand any provided packages, and inter¬ 
pret the documentation before they can 
start on the intellectual content of the 
first assignment. Unlike conditions in an 
industrial environment, students are ex¬ 
pected to work without collaboration of 
their coworkers. Therefore each student 
must learn a great deal of incidental ma¬ 
terial before any real work can actually 
be performed. A good set of tools can 
greatly minimize this effort. As a simple 
example, a structure editor can save time 
by making sure that a program is syntac¬ 
tically correct. By the time a student gets 
to an advanced course, he or she under¬ 
stands the concept of a block and should 
not waste time learning that PL/1 uses 
the predefined identifier do and requires 
a semicolon while Pascal uses the key¬ 
word begin and has no semicolon. Good 
tools can improve the learning curve of a 
system and permit a student to spend 
time on relevant aspects of a course. 

Productivity gains. A second reason 
for good tools is to minimize the unpro¬ 
ductive work that a student performs. A 
typical student programming environ¬ 
ment requires the student to perform 
source control, backup, and even the 
basic edit-compile-link cycle in a primi¬ 
tive or manual fashion. Even when the 
student is familiar with the system soft¬ 
ware, a student can waste enormous 
amounts of time verifying a particular 
linker switch or breaking a program into 
small enough units so that a compiler’s 
symbol table does not overflow. Al¬ 


though this time might be considered 
useful if one wants to experience “real 
world” problems, the time is wasted in 
that less effort is spent learning com¬ 
pilers, operating systems, or computer 
networks. 

Unfortunately, the problem here is not 
only with unavailable tools, but also with 
poorly written assignments. In examining 
the materials used in a variety of courses 
at a number of schools, we saw exer¬ 
cises of such breadth that realistic scaf¬ 
folding for the problem was as large as 
the final program. Although learning how 
to build scaffolding is useful in general, 
it is irrelevant to the objectives of most 
assignments. Therefore instructors must 
take the responsibility of ensuring that 
sufficient supporting materials are avail¬ 
able for assignments. Together with 
good tools, students can concentrate on 
the content of the assignments and not 
merely on the form required by the sys¬ 
tems programs. 

Hard deadlines. Like industry, stu¬ 
dents have real deadlines. Although a 
grade penalty can lure some students 
into meeting the weekly deadlines, it is 
the end-of-term deadline that causes the 
most problems for a student. The prob¬ 
lems we are concerned with are not 
whether a particular program is written or 
not, but whether the student has had an 
adequate opportunity to study the mate¬ 
rial in the course. In industry, one can 
usually slip “one more week.” When a 
term ends at a university, there are no 
more weeks to slip; the instructor cannot 
cover another lecture, extend another as¬ 
signment, or require another reading. 
Therefore students must be able to finish 
their work expeditiously. The end-of-term 
deadline is immutable; missing that 
deadline usually means misunderstand¬ 
ing some course material. Therefore an 
instructor should try to provide good 
enough tools that expedite the comple¬ 
tion of assignments. 

Some requirements for an educational 
environment. A reasonable environment 
for software laboratories in computer 
science should include the following 
kinds of tools: 

Quality editors. At the very minimum, a 
good screen editor should be provided. 
Better would be a programmable editor, 
such as Emacs. Still better would be a 
structure editor for the languages being 
used. Ordinary text editors with a good 
string matching and replacement facility, 
batch editors, and file-difference locators 
are also valuable aids. 

Translators. A fast compiler with good 
diagnostics is needed. For large projects, 
a good, fast separate compilation facility 
is needed. For intricate algorithms, a 
good interpreter for the same language 


can help immensely. The translators 
should either provide or be integrated 
with symbolic (source level) debuggers 
and performance analysis tools. 

Source control. Large projects are built 
out of many parts and will require tools 
to build and manage libraries. Students 
need a way to organize their materials 
and coordinate efforts among many peo¬ 
ple. A source control tool turns out to be 
critical when some members of a student 
project live on campus and some live off 
campus. Such people cannot effectively 
leave notes for one another and rely on 
technological aids to keep order in their 
chaotic system. 

Mail systems. A good mail system is 
needed to record notes on design deci¬ 
sions, communicate about meetings be¬ 
tween team members, ask for extensions 
from the instructor, and coordinate peo¬ 
ple with vastly different schedules who 
cannot attend face-to-face meetings. 

Printers. Students need fast, conve¬ 
nient, good-quality hard copy for their 
work. When a computation center piles 
all listings for an entire day for all users 
on a table in random order, the students 
waste both their own time and computer 
time resubmitting print requests for lost 
(or unfound) listings. Three-hole 
punched, notebook-sized paper is far 
more convenient than large, fan-folded 
14-inch paper. As students start to use 
bit-mapped displays for design docu¬ 
ments, the printing facilities for these 
graphics must be provided as a matter of 
course, not as a special device for which 
students are charged $0.50 a page. 

Backups. Although students should 
take some responsibility for backing up 
their work, there should be some 
straightforward facility to assist them. 
For example, a student should be able to 
upload an entire disk of materials to the 
campus utility for safekeeping. 

Application-dependent support tools. 
Special projects may require special 
tools. Some projects should have access 
to a parser generator, lexical analyzer, or 
load generator. For example, we provided 
two such tools for our network class. The 
first was a network spy that could record 
all traffic on the network. Students used 
this tool to observe how their programs 
communicated over the network. The 
second was a packet injector, which 
could place an arbitrary kind of packet on 
the network. This allowed students to 
feed erroneous packets to their system 
for testing purposes. 

Our list is not intended to be exhaus¬ 
tive, but we feel that the current state at 
most universities is far below even the 
suggestions above. 









Using Macintoshes. Although the Mac¬ 
intosh might be familiar to the students 
and relatively inexpensive, we required 
substantial hardware and software facili¬ 
ties to use the Macintoshes in our labora¬ 
tory. We were generally satisfied with the 
computational power of the system. The 
original Macintosh is a Motorola 68000- 
based system using between 128K bytes 
and 2M bytes of RAM. It contains a sound 
driver, an internal disk drive (approxi¬ 
mately 400K bytes), a bit-mapped display 
(minimally configured with 512 x 342 pix¬ 
els), and a mouse. A 64K-byte ROM pro¬ 
vides some predefined operations for 
graphics, fonts, menus, windows, various 
device drivers, and other system utilities. 
Although useful, all the predefined opera¬ 
tions may be replaced by routines in RAM 
or ignored by a program entirely. Full 
access to the underlying hardware is 
supported. 

We also required a reasonable collection 
of network software and hardware for 
connecting Macintoshes together. We 
used materials from four sources: Apple, 
Kiewit (Dartmouth’s Computation Cen¬ 
ter), Tanenbaum’s text on computer net¬ 
works, 8 and some materials we developed 
ourselves. 

From Apple we acquired the basic Ap¬ 
pleTalk software and documentation. The 
AppleTalk network architecture can be 
used to connect up to 32 hosts on a broad¬ 
cast network. Multiple networks may be 
connected through bridges. A host uses a 
carrier-sense, multiple-access with colli¬ 
sion-avoidance scheme to place packets on 
the network. The lowest level of the archi¬ 
tecture uses an unreliable datagram proto¬ 
col called LAP or link access protocol. 
The current implementation runs at 
230.4K bits/s over a twisted pair of wires. 
The next higher layer, Datagram Delivery 
Protocol, or DDP, provides unreliable 
datagram delivery across multiple Apple- 
Talk networks. A name binding protocol, 
a routing table maintenance protocol, a 
zone information protocol, and a transac¬ 
tion protocol all reside at the next higher 
layer. From Kiewit, we acquired the Kie¬ 
wit Stream Protocol libraries that imple¬ 
ment a reliable byte-stream protocol. 9 
Because we were using a Pascal develop¬ 
ment system, we were able to implement 
directly several Pascal algorithms from 
Tanenbaum’s book. Finally, we devel¬ 
oped a set of libraries and programs that 


implemented a substantial fraction of 
DoD’s Internet protocols (TCP/IP). 10,11 

When the course was run, our labora¬ 
tory contained approximately 20 Macin¬ 
toshes and four Lisas (Macintosh XLs) for 
use in the course—sometimes more Mac¬ 
intoshes and Lisas were available when 
students or faculty left their personal 
machines in the laboratory; sometimes 
fewer were available because of broken 
power supplies, mice, and keyboards. Stu¬ 
dents wrote programs in Lisa Pascal and 
Motorola 68000 assembler (as appropri¬ 
ate), and cross-compiled them on the Lisa 
for use on the Macintosh. Most Macin¬ 
toshes were minimally configured, that is, 
had only 128K bytes of memory and no ex¬ 
tra peripherals, but we had several ma¬ 
chines with 512K bytes of memory, several 
external 400K-byte disk drives, and one 
lOM-byte internal disk. The Lisas could 
also be configured to act like Macintoshes 
with a megabyte of memory. We built ca¬ 
bling, terminators, and related hardware 
to support seven experimental networks 
that could be wired in many fashions. Stu¬ 
dents could produce hard copy output by 
attaching one of several Imagewriter dot¬ 
matrix printers to a Lisa or Macintosh, or 
by uploading the program (or bit-map im¬ 
age) to one of the time-shared computers 
and using a shared printer. 

Students were permitted to use the equip¬ 
ment in any reasonable fashion. They were 
given 24 hour per day access to the mate¬ 
rials. In addition, many students (and their 
roommates) owned Macintoshes that were 
connected to the campus AppleTalk net¬ 
work. Therefore they could use the equip¬ 
ment in their dormitories for some aspects 
of the course. 


Our experiences 

The Computer Network Laboratory 
class was designed to be a joint course be¬ 
tween the Mathematics and Computer 
Science Department (COSC 88) and the 
Thayer School of Engineering (ENGG 
128). The students taking this course 
would have completed prerequisites at the 
intermediate level in large system design 
and in computer architecture. 

We offered the computer network labo¬ 
ratory as an elective during the 1985 winter 
quarter (about 10 weeks). We had 20 stu¬ 
dents, most of whom were junior or senior 
computer science majors. Most of the stu¬ 


dents had a reading knowledge of Pascal 
and had used the Macintosh for turn-key 
applications, such as word processing and 
figure drawing, but only one had any ex¬ 
perience writing a stand-alone Macintosh 
program. We spent about two weeks teach¬ 
ing students how to write simple Macin¬ 
tosh applications and how to use the net¬ 
work software packages. 

The students had to produce one pro¬ 
gram a week for the first six weeks. Most 
programs required the students to investi¬ 
gate some network feature. For example, 
a maze game illustrated a broadcast pro¬ 
tocol, a sliding-window algorithm illus¬ 
trated a byte-stream protocol, and a time¬ 
server program provided experience with 
soft layering of protocols. For each assign¬ 
ment, we provided a shell of a Macintosh 
source program for handling most of the 
operating system (Toolbox) overhead, a 
working sample solution (runnable appli¬ 
cation only) that could be run in a Macin¬ 
tosh, and a “broken” sample solution 
(runnable application only) that violated 
the protocol in some unspecified way. 
Our syllabus is reproduced in the sidebar 
A Network Course; a more detailed de¬ 
scription of the laboratory assignments 
can be found in the sidebar Laboratory 
Assignments. 

During the last four weeks of the term, 
the students worked on their own projects 
(usually two people to a project). Some of 
the projects were 

• A 3-D maze game; 

• A 2-D maze game allowing maze walls 
to be added or removed during play; 

• An AppleTalk-Internet gateway with 
dynamic routing for load balancing; 

• A multiconversation “CB” system 
that allows arbitrary subsets of partic¬ 
ipants to converse without interfer¬ 
ence from others (multiuser Unix 
Talk); 

• Name and File Servers; 

• Telnet and TCP packages; and 

• DoD Internet gateway for moving IP 
packets between AppleTalk and a se¬ 
rial connection. 

Some unique student 
experiences 

For the most part, the projects were of 
the student’s own design and construction. 
They applied the theories and techniques 
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taught in class to construct a working net¬ 
work system. In doing so, they became 
aware of several issues to which they had 
no previous exposure. Three of these is¬ 
sues, consistency, security, and reliability, 
are discussed below. 

Consistency. Because students were 
working with several versions of a program 
on more than one machine, they were faced 
with real problems of consistency. Not 
only did students have to ensure that each 
machine was running a working version of 
a program, but the program had to guard 
against some incompatible, older version 
of the program somehow remaining on a 
network. In contrast, a new release of a 
program on the central machine was in¬ 
stalled over the old version and everyone 


used the new release. On the network, there 
was no way to recall old versions of pro¬ 
grams. This was especially true for early 
releases of game programs that were dis¬ 
tributed over the campus network to 
friends. Hence programs had to be written 
to recognize and take appropriate action 
when faced with inconsistent data gener¬ 
ated by older versions of a program. 


Security. A related problem concerned 
security. Many programs made assump¬ 
tions that only well-behaved clients would 
use a protocol. Although gross errors in 
the protocol could be handled, a malicious 
program could cause inaccurate data to be 
introduced into many clients and the gen¬ 
eral strategy of a protocol subverted. A 


simple example came up in the context of 
game programs. As long as all programs 
accurately reported the actions taken by 
players, all players could be competitive. 
However, students soon learned how to 
write programs that could send data that 
would make a player appear invincible: 
players could move just before bullets 
came; scores could be adjusted arbitrarily 
during a consistency check; other players 
could be ignored. Indeed, these kinds of 
“malicious” programs were frequently 
designed along with the actual application 
as a way to monitor performance, test cer¬ 
tain protocol features, and do other main¬ 
tenance operations. Within our environ¬ 
ment, the distribution of the maintenance 
program usually accompanied the distri¬ 
bution of the application; thus the security 


A network course 

Our Computer Network Laboratory 
course was designed as an elective 
course for students to gain experience 
with network protocols and distributed 
systems. Through experiments, we 
wanted students to observe the effects 
of unreliable communication, unstable 
network routing algorithms, window size 

Week Theoretical part of the cou rse 

1 Overview of Networks: layering, 

ISO-OSI model description and 
evaluation 

2 Network Design Issues: topology and its 

effect on performance, design of net¬ 
work topologies, review of graph 
theory 

3 Physical Link Level: basic communica¬ 

tions techniques 

4 Data Link Level: flow control, error 

recovery 

5 Network Level: network-wide control, 

queueing theory results 

6 Routing, stability, multiple networks, 

bridges, gateways 

7 Local area networks: contention, token 

passing 

8 Transport Level: communications ser¬ 

vices for user processes, remote pro¬ 
cedure calls, message passing oper¬ 
ating systems, virtual sockets 

9 Distributed computing systems; syn¬ 

chronization, two-phase commit, load 
sharing 

10 Future of Computer Networks: technol¬ 

ogy trends, privacy, legal aspects, 
international networks 


on stream protocols, and malicious net¬ 
work agents. We also wanted students to 
construct broadcast-based applications, 
to use soft layering of protocols, to build 
a server, and to build a client. After stu¬ 
dents completed our laboratory exer¬ 
cises, we wanted them to design and im¬ 
plement a network project of their own 

Week Laboratory part of the course 

1 Overview of Macintosh Operating Sys¬ 

tem and Toolbox, Lisa Development 
System 

2 Overview of AppleTalk architecture and 

implementation 

3 Overview of DoD Internet Protocols, 

MaclP package, implementing soft 
layering of protocols 

4 Broadcast and distributed protocols 

5 Connection initiation, flow control, se¬ 

curity issues 

6 Design of gateways, bridges, address¬ 

ing, connecting heterogeneous net¬ 
works 

7 Guest Lecture/Case Study: SUN'S Net¬ 

work File System; Project ideas 

8 Guest Lecture/Case Study: Apple’s 

Printer Access Protocol 

9 Final project review 

10 Guest Lecture/Case Study: Practical is¬ 

sues of wiring dorms with AppleTalk, 
remote evaluation of network perfor¬ 

mance, maintenance problems, build¬ 

ing codes. 


choosing. We believe we met our objec¬ 
tives using the course format described 
below. 

The course met twice a week. Each 
class meeting lasted 105 minutes with a 
5- to 10-minute break between 50-minute 
halves. One class meeting a week was 
devoted to general network theory, while 
the other was devoted to a discussion of 
the week’s laboratory assignment or a 
case study. Below we give a week-by¬ 
week description of the material that was 
covered in each lecture. 

The readings for the course included 
documentation on the Macintosh’s Tool¬ 
box, 1 documentation on AppleTalk pro¬ 
tocols, 2 > 3 4 5 6 7 documentation on various DoD 
Internet protocols, 4-7 documentation on 
locally developed network protocols, 8 
critiques of the ISO-OSI model 9 and pro¬ 
tocol design in general, 10 overviews of 
Suns’ NFS protocol, 11 ’ 12 and Tanen- 
baum’s textbook on computer 
networks. 13 
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of most systems built in class could be 
easily compromised. 

Reliability. The students also had to 
deal with issues of reliability. Machines on 
the network, and even the network itself, 
could be disconnected or refuse to partici¬ 
pate in a protocol. Programs had to vali¬ 
date information in a way that students 
never experienced: there was no guarantee 
that “reading” a remote location that had 
been “ written ” previously would yield the 
same value. Noise on the network could 
corrupt data; messages could be dupli¬ 
cated, arrive out of order, or never arrive. 
Trade-offs between tardy, reliable data 
and recent, unreliable data had'to be ac¬ 
commodated. These issues of reliability 
were never explored on the time-sharing 


utility because the operating system took 
great care to make the user’s interface look 
reliable. The ability to use a personal work¬ 
station allowed students to experience unre¬ 
liability and experiment with ways to con¬ 
trol it. 

An optimistic future 
for laboratories 
in distributed systems 

Our experiences with using worksta¬ 
tions in a computer network laboratory 
were quite positive. We feel that the stu¬ 
dents learned a great deal from the envi¬ 
ronment; according to the class evaluation 
forms, the students agreed. Much to our 
surprise, the ratings given by the students 
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for the value of the course and for the ma¬ 
terial learned were the highest that either 
of us have seen at Dartmouth. Perhaps the 
best estimator of our success was the num¬ 
ber of anecdotes told to us by students 
who performed experiments of their own 
design that had no direct relation to any 
assignment—they just wanted to satisfy 
their own curiosity. 

Our feelings and those of the students 
seem to match the expectations of instruc¬ 
tors from other computer science depart¬ 
ments: the use of workstations in this con¬ 
text was novel and exciting; few believed 
that we could run the course as we did. 
Colleagues at Brown, Cornell, Stanford, 
UCLA, and Carnegie-Mellon tell us of the 
many ways of using personal computers as 
replacements for their time-sharing sys¬ 
tems, but few gave applications that let 
students exploit the ability to change the 
operating system, to alter the network ca¬ 
pabilities, or to write distributed applica¬ 
tions. From our conversations, we found 
an increasing use of bit-mapped graphics 
of workstations in courses. However, all 
the systems provided by the instructors 
were intended to be used as computer util¬ 
ities, much like current computation cen¬ 
ter facilities. In contrast, the systems we 
wanted our students to build were to be 
highly experimental and usually unstable. 
We did not use workstations as replace¬ 
ments for central time-sharing computers 
or as advanced graphics terminals. 

Our focus on letting students have full 
access to the facilities of a workstation also 
qualitatively changed the nature of the stu¬ 
dents’ experiences. In general, students do 
not write privileged or distributed pro¬ 
grams on computer utilities. Therefore 
they faced neither the technical issues of 
consistency, security, and reliability, nor 
the social and ethical implications of their 
systems. Because we encouraged our stu¬ 
dents to explore the interactions and per¬ 
formance of real systems, we ran into one 
controversy: protection of privacy vs. 
needs of maintenance programs. As we 
mentioned above, students learned the 
value of maintenance programs, and 
wrote them as necessary. Since the campus 
uses the same kind of network as we pro¬ 
vided in our laboratory, the maintenance 
and monitor programs written by students 
for the experimental networks of the class 
function equally well on Dartmouth’s 
public networks. The knowledge of how 
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to build and use these maintenance pro¬ 
grams became a minor controversy on 
campus; the local student paper wrote 
editorials questioning the wisdom of 
allowing students to have monitoring pro¬ 
grams that could be used on networks that 
carry private and possibly confidential in¬ 
formation. 12 ' 13 Although issues concern¬ 
ing privacy and ethics have always been in¬ 
cluded in computer science courses at 
Dartmouth, the issues now have a tangible 
feel that we hope students can appreciate 
better. 

Distributed systems and networks are 
becoming an outstanding feature of the 
computer science landscape. Therefore we 
should be prepared to provide substantial 
laboratory materials to aid students in 
learning the principles, features, and limi¬ 
tations of this technology. We found the 
construction and use of a computer net¬ 
work laboratory to be feasible and effec¬ 
tive. Macintoshes are sufficiently inexpen¬ 
sive that many can be purchased for use as 
a computer network laboratory, yet they 
are powerful and sophisticated enough to 
permit explorations of technical issues that 
cannot be pursued on central time-sharing 
computers or even workstations used as 
computer utilities. Because students can 
gain access to the most secure levels of the 
operating system in a workstation, they 
can affect the availability of resources and 
violate the privacy of fellow students. 
Thus students who participate in a course 
like ours are forced to consider the security 
and ethical implications of their work. 

W e are sufficiently encouraged by 
our use of workstations that we 
are preparing another course— 
this time in software engineering—that 
uses the capabilities of workstations. We 
already use the same equipment for our 
computer architecture course and the 
Physics Department offers a laboratory- 
equipment interface course using similar 
equipment with special controllers, ampli¬ 
fiers, and sensors. All three courses recog¬ 
nize the importance of distributed systems 
and networks, and each course discusses 
how that technology affects the subject. 
Through this article, we wish to encourage 
other universities to view workstations as a 
new, flexible resource that can be used to 
enrich courses well beyond a simple re¬ 
placement of time-sharing machines for 
service courses. □ 


Laboratory assignments 

The laboratory assignments were 
intended to provide experience with the 
design and performance of several net¬ 
work architectures. In particular, the 
students had to become comfortable 
with the available development facilities, 
the general organization of the communi¬ 
cations software, and a variety of pro¬ 
tocols. 

Our plans originally included a hard¬ 
ware laboratory where students would 
experiment with a network interface and 
observe attenuation, echoes, and other 
phenomena. Unfortunately, we could not 
assemble the necessary facilities to pro¬ 
vide this experiment. If we had had our 
hardware laboratory equipped before the 
course started, we would have assigned 
the experiment between the second and 
third laboratories listed below. 

In addition to the hardware and soft¬ 
ware facilities of the Macintosh, students 
were also given accounts on a Unix ma¬ 
chine, where they could use the mail sys¬ 
tem, print files, and backup disks. 

For each assignment, the students 
were given a handout that described 
where to find appropriate documentation 
(essential given the sheer mass of docu¬ 
mentation provided), a working sample 
solution (runnable object code only), 
source for the sample solution with the 
relevant parts of the assignment re¬ 
moved, and a broken sample solution 
(runnable object code only). We gave the 
partial source for the sample solution to 
minimize the busy work for students. 

Most programs for the Macintosh follow 
a standard form that initializes various 
facilities, dispatches events to appro¬ 
priate routines, and maintains the visual 
coherence of the screen. We wanted the 
students to concentrate on the network 
issues and not on Macintosh details. 
Therefore we provided the sources for 
correct interactions with the operating 
system and toolbox, and let the students 
add the network facilities. For example, 
the provided source for the “talk” pro¬ 
gram in laboratory 5 created the two 
windows and provided procedures for 
writing and maintaining the text in the 
windows. The students wrote the proce¬ 
dures for timeouts, retransmitting pack¬ 
ets, initial connection protocol, and 
so on. 

We also provided broken programs, 
that is, programs that superficially 
seemed to work. However, the programs 
would violate the requirements of the as¬ 
signment in various ways, for example, 
the broken program for laboratory 5 
would send packets in the wrong order, 
duplicate packets, ignore received pack¬ 
ets, and sporadically refuse acknowledg¬ 
ments. Students used these programs to 
aid their debugging, and we used the pro¬ 
grams for evaluating the assignments. 


(As a practical matter, we combined both 
correct and broken solutions in one pro¬ 
gram that had a switch for controlling its 
mode of operation.) 

We tried to give the student a reason¬ 
able debugging environment for each as¬ 
signment. A typical debugging configura¬ 
tion used five minimally configured 
Macintoshes, as shown in Figure 1. 

Three Macintoshes—the ones across 
the top of the figure—are connected to 
an AppleTalk network. Two of the Macin¬ 
toshes run the student’s application pro¬ 
gram, which communicates via whatever 
protocol is being studied. The figure 
shows the sample solution for laboratory 
4, the Maze Game, running on the ma¬ 
chines at the ends of the figure. Under¬ 
neath each machine running the Maze 
Game is another Macintosh acting as a 
debugger. Debugging machines are con¬ 
nected to application machines by a 
serial link and control the Macintosh run¬ 
ning the application program. A program¬ 
mer may set breakpoints, examine and 
change memory, trace instructions, and 
perform the usual debugging operations 
on the application machine through a 
multiple-window, mouse-oriented pro¬ 
gram on the debugging machine. 

Between the two application machines 
is a “spy”—a promiscuous listener on 
the network. It can display all network 
traffic in a packet format. The spy ma¬ 
chine is used to observe how the two ap¬ 
plication machines are communicating. 
Although typical, the exact configuration 
in Figure 1 is not essential. Debugging 
machines may be removed, application 
machines may be added, multiple net¬ 
works can be bridged (possibly using 
multiple spies), and a “packet injector” 
program can be run on a Macintosh con¬ 
nected to the network. These and other 
configurations were constructed by stu¬ 
dents during the course. Indeed, an es¬ 
sential element of the course requires 
reconfiguration of equipment for investi¬ 
gating different protocol issues. 

The students were given 7-10 days for 
each laboratory listed below. Although 
our environment does not completely 
meet our set of criteria for development 
tools, our students did not complain 
about a lack of materials, an undue 
amount of busy work, or the total time to 
complete an assignment. We did receive 
several complaints that some assign¬ 
ments did not include references to doc¬ 
umentation that were, in fact, required 
for completion of the assignment. 

Assignments: 

1. Practice using the Lisa to program the 
Macintosh: write a Pascal program that 
can create a window, write text to that 
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Figure 1. Five Macintoshes connected together serve as an experimental network for 
student assignments. 


window, present dialogs to read strings 
and numbers, and manipulate various 
dialog controls (radio buttons, push 
buttons, check boxes); learn how to 
move files between Macintoshes, Lisas, 
and Unix. 

2. Practice using the Macintosh Protocol 
Package and its tools: wire together 
several networks, write a Pascal program 
that can send and receive DDP packets, 
distinguish broadcast packets from sin¬ 
gle-destination packets, accommodate 
packets of many different types, main¬ 
tain several socket connections, validate 
packets, inject packets into the network 
via the Poke program, and trace packets 
via the Peek program. 

3. Write a Time Server and a Timer User: 
write a program that implements the DoD 
Internet time server protocol. The pro¬ 
gram should use UDP for packet delivery 
(UDP was provided). Multiple, simultane¬ 
ous requests should be handled correct¬ 
ly. Write another program that asks the 
time from the server. The UDP package is 
implemented with soft layering, so the 
time server must be fit into the same 
paradigm. 

4. Implement a distributed Maze game: 
write a program that uses a Maze-Game 
protocol for playing a version of Maze 


War. The protocol describes how players 
report their positions and interactions 
with other players. Students must also 
implement features of the protocol for 
players entering the game and leaving 
the game. No “master" host can be 
used—the protocol is egalitarian. 

5. Implement a reliable byte stream: Use 
the P5 (full-duplex, sliding-window, byte- 
stream protocol with retransmission on 
time-out and piggy-backed acknowledg¬ 
ments) protocol given in Tanenbaum (P6 
for extra credit—P6 uses a more sophis¬ 
ticated acknowledgment technique). 
Write a program that implements the 
Unix “talk” program on the Macintosh; 
that is, divide the screen into two win¬ 
dows where the left window displays all 
characters typed on a local machine and 
the right window displays all characters 
typed on a remote machine. The program 
should use AppleTalk’s Name Binding 
Protocol for connection setup. 

6. Measure file transfer protocols: Write a 
program that uses a half-duplex protocol 
(packet/acknowledge) for transferring a 
file using DDP. Compare the perfor¬ 
mance of the program with a (provided) 
program that implements the DoD Inter¬ 
net Trivial File Transfer Protocol (also a 
half-duplex protocol but with two extra 
protocol layers: UDP and IP). 
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High-quality computer 
science programs 
may be accredited 
as long as they meet 
the spirit of the CSAB 
criteria. 


T he establishment of the Computing 
Sciences Accreditation Board, or 
CSAB,* and the development and 
implementation of an accreditation 
program in computer science has caused 
concern among individuals involved with 
liberal arts programs. Many who are 
associated with computer science pro¬ 
grams housed in a liberal arts structure 
believe that their programs are of high 
quality and able to produce graduates 
competitive with those of more technically 
oriented curricula; yet they are concerned 
that their programs may not meet the letter 
of the CSAB criteria. *’ 2 
Traditionally, liberal arts schools and 
colleges have been concerned with accredi¬ 
tation at only the institutional level, that of 
their regional accrediting association. 
Program accreditation has been perceived 
as an exercise for more narrowly focused 
professionally oriented programs, while 
the liberal arts curriculum was aimed at 
educating the “whole person.’’ The 
breadth of the liberal arts program and its 
value in preparing students for future 
development have been thought to benefit 
the graduate in the long term in contrast 


'CSAB was incorporated in the state of New York in 
1985. The current members of CSAB are the TP.F.P. 
Computer Society and the Association for Computing 
Machinery. 
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with professional programs, which are 
often perceived to prepare a more techni¬ 
cally job-ready graduate. 

In recent years liberal arts schools and 
colleges have been reevaluating their posi¬ 
tion. As students have become more goal 
oriented and look for programs that will 
allow direct entry into the workplace, pro¬ 
grams with strong professional orientation 
in education, business, and now computer 
science have been added to the traditional 
liberal arts structure. 

Computer science programs highlight 
the conflict of professionalism with the 
traditional role of the liberal arts. With its 
intellectual base, its foundation in mathe¬ 
matics and the sciences, and its pervasive 
application across all disciplines, com¬ 
puter science qualifies to be considered 
one of the “liberal arts and sciences.” Yet 
there is a professional aspect to the disci¬ 
pline in that many, if not most, individuals 
completing a baccalaureate in computer 
science immediately seek employment in 
the computer field. 

Accreditation of baccalaureate-level 
programs in computer science was begun 
in part to help ensure that those individ¬ 
uals moving into the computer profession 
after completing their degrees would be 
reasonably qualified to do so. The criteria 
established by CSAB to review programs 
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seeking accreditation have been viewed by 
many at liberal arts schools and colleges as 
being too engineering or professionally 
oriented and unable to evaluate a high 
quality liberal arts program. Most often 
mentioned as specific concerns are the 
following: 

• The “approximately one-and-one- 
half years of computer science course- 
work” of the criteria in contrast to institu¬ 
tional limitations on the number of 
courses that may be taken in one field or 
area to satisfy requirements for a major, 

• The minimum number of faculty 
(five) to teach the program, and 

• The possible public perception that a 
program is lacking in quality if the institu¬ 
tion elects not to seek its accreditation. 

To address these issues, the Educational 
Activities Board, or EAB, of the IEEE 
Computer Society, or IEEE/CS, and the 
Education Board of the Association for 
Computing Machinery, or ACM, funded 
two workshops held in Chicago May 31- 
June 2 and October 11-13, 1985. The 
workshops were designed to address the 
above and related problems and to make 
recommendations to the CSAB regarding 
computer science programs housed in lib¬ 
eral arts schools and colleges. A list of par¬ 
ticipants is in the appendix. 

Although many computer science pro¬ 
grams that are in a liberal arts structure are 
taught at small colleges, it is important to 
note that the charge to those participating 
in the workshops did not include consider¬ 
ing the general question of computer sci¬ 
ence at the small college. It specifically was 
not the charge of these workshops to ad¬ 
dress issues pertinent only to small col¬ 
leges, nor to address programs that— 
while having significant computer study 
—are not computer science programs. 
Thus this article does not consider pro¬ 
grams in information systems, data pro¬ 
cessing, or a variety of like areas that may 
involve joint minors, or their equivalent, 
in mathematics and computer science. 
This is not meant to impugn the quality of 
such programs; rather they were beyond 
the scope of these workshops. 

Concerns with the 
CSAB critiera 

The most frequently voiced concern 
with the CSAB Computer Science Accred¬ 


itation Criteria is that it is “too engineer¬ 
ing oriented.” This usually translates to 
concerns over the curriculum require¬ 
ments, and the faculty requirements. The 
specific curriculum requirements that 
seem to pose the greatest difficulty are the 
computer science requirements (1.5 years, 
or 37.5 percent of the four-year program), 
the mathematics and science requirements 
(1 year, or 25 percent of the program), and 
the corresponding low percentage of gen¬ 
eral education requirements and elective 
opportunities. The faculty concerns are 
with the requirement for five full-time- 
equivalent faculty (four full-time with 
primary commitment to the program) and 
some aspects of the teaching load such as 
the normal maximum of two course prep¬ 
arations per term. 

Many liberal arts schools and colleges 
restrict the number of hours that may be 
required in a program or major; this often 
prevents their computer science program 
from directly meeting the curriculum 
criteria. There does not appear to be any 
uniform approach to these restrictions. 
One institution may allow no more than 25 
percent of a program to be in a major, but 
in some cases introductory courses are not 
counted. Another institution places re¬ 
strictions on the maximum number of re¬ 
quired courses regardless of the depart¬ 
ment in which they reside. 

One extreme situation discussed at the 
workshops was a program housed in a 
combined department of mathematics and 
computer science. Institutional regula¬ 
tions placed course limits on majors by 
department; thus there was no hope of the 
program meeting the computer science 
and mathematics requirements of the 
CSAB criteria. Yet if there were two 
departments for mathematics and com¬ 
puter science, the CSAB criteria of ap¬ 
proximately 37.5 percent computer sci¬ 
ence and approximately 12.5 percent 
mathematics could be met within institu¬ 
tional regulations. 

The variations existent around the 
country seem endless. It appears that any 
set of curriculum criteria that would serve 
one group of schools would not serve 
some other group. 

The concerns about number of faculty 
and faculty loads are primarily a function 
of the size of the school and the number of 
students enrolled. Departments with 
relatively small numbers of majors often 


cannot justify five full-time-equivalent 
faculty, and breadth in the curriculum 
often requires more than two preparation. 

While the issues of faculty load, and 
size, seem solvable (indeed, upward ad¬ 
justments in a program’s curriculum re¬ 
quirements may increase the need for 
faculty), the curriculum area is more dif¬ 
ficult. It has been noted that no single set 
of curriculum criteria will meet all liberal 
arts program definitions, nor does it seem 
that the liberal arts experience can be 
quantified for measurement. However, 
the attendees at the workshops believe that 
there are factors that can be identified to 
compensate for apparent deficiencies 
when the CSAB criteria are applied strict¬ 
ly. Some of the common themes in this 
regard are small class size, a sense of in¬ 
stitutional identity, low student to faculty 
ratios, individual attention, and easy ac¬ 
cess to equipment. 

One of the major efforts of the work¬ 
shops became the identification of these 
compensating factors. 

Approaches to the 
concerns 

In the two workshops we approached 
the concerns in the following five ways: 

1. We considered specifications of a 
computer science (and some others such as 
science and mathematics) core component 
of “quality” programs. 

2. We considered a statement that ac¬ 
creditation is inappropriate for programs 
in the liberal arts. 

3. We considered new sets of criteria 
specifically directed to programs in the 
liberal arts. 

4. We considered revising the existing 
criteria to broaden them. 

5. We analyzed the existing criteria to 
see if they are sufficent and can be applied 
in the liberal arts context through recogni¬ 
tion of balancing factors. 

Each will be discussed in detail. 

Specifications. The idea behind at¬ 
tempting to specify a computer science 
core was to provide an alternative to the 
general computer science categories out¬ 
lined in CSAB’s criteria. After some dis¬ 
cussion it was noted that although such an 
exercise could be useful at some point in 
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Many programs 
may be computer 
related rather 
than "computer 
science" and not 
fall under the CSAB 
criteria. 


time, it might result in a superficial listing 
of the topics taught in programs. 

It also became evident that the expres¬ 
sion of criteria in a general framework (as 
CSAB has done) was more appropriate. If 
model curricula are to be developed, the 
conclusion of the workshops was that the 
sponsoring societies should be responsible 
for that effort and should promulgate the 
more detailed recommendations. 

Inappropriateness of accreditation. 

That accreditation is inappropriate for 
liberal arts colleges was argued eloquently 
by one of the participants at the first 
workshop. It was suggested that the 
following addenda be incorporated in the 
published CSAB criteria: 

We recognize that many BA granting 
colleges and universities have developed 
(or plan to develop) computer science 
major programs with different overall 
aims and objectives than those to which 
this accreditation standard addresses 
itself. Such institutions prefer to main¬ 
tain high standards of quality through 
other avenues of accreditation and for 
the BA degree in its entirety rather than 
for separate major fields individually. 
For such institutions, we acknowledge 
that the computer science accreditation 
is not appropriate. 

There are a number of cases for which this 
is true. In some programs the ultimate ob¬ 
jective is to prepare the student for addi¬ 
tional specialized study following the bac¬ 
calaureate degree. Where this is the case 
and the graduates move directly into 
graduate study, there is less need for the 
undergraduate program to seek accredita¬ 
tion since depth in computer science 
would be achieved at the graduate level. 


Also there are many institutions where 
the graduates are actively sought and 
employed by industry upon graduation. If 
these employers are pleased with the 
graduates, and the institution does not in¬ 
tend to expand beyond this role, there is 
little reason to think that the opinion of 
the employers will change simply because 
the institution does not seek accreditation. 

Finally, many programs may be com¬ 
puter related rather than “computer 
science” and not fall under the CSAB 
criteria. 

While the workshop attendees recog¬ 
nized that it might not be appropriate for 
all institutions to seek accreditation, they 
took a more positive approach. With the 
exceptions noted, there are in fact few in¬ 
stitutions that can ignore a widely ac¬ 
cepted accreditation program. Also, few 
people looking at programs from outside 
academe can distinguish between a BA 
and a BS program (or differentiate be¬ 
tween a professional program and a non¬ 
professional program). Thus, if accredita¬ 
tion in the computing sciences becomes 
generally accepted, the question will be 
whether or not any specific program is ac¬ 
credited. For some institutions to remain 
competitive, accreditation may be a 
necessity. 

Criteria for the liberal arts. The 

preparation of a set of criteria targeted at 
programs housed in a liberal arts structure 
was considered only briefly. While this 
was recognized as appropriate for pro¬ 
grams with distinctly different emphases 
(such as those usually called information 
systems programs), workshop attendees 
were concerned that such an approach 
might create one set of criteria for “real” 
programs and one set for “second-class” 
programs. The participants did not want 
to risk this happening. 

Rewriting existing criteria. Reworking 
the existing criteria to broaden them was 
given considerable time and effort during 
the two workshops, particularly the June 
meeting. One “strawman” considered in 
depth involved a computer science re¬ 
quirement of one year with the mathemat¬ 
ics and science supporting disciplines at 
three-quarters of a year. 

Although this would have allowed sev¬ 
eral of the institutions represented to meet 
the criteria, not all would. In addition, it 
appeared to the attendees that there was a 


greater possibility that some institutions 
with poor quality programs might meet 
the criteria. The exercise resulted in one 
participant remarking that he “became 
impressed with the work that went into 
crafting the CSAB criteria.” 

The consensus was that the existing 
CSAB criteria provided a defensible line to 
not accredit programs. Lowering the re¬ 
quirements to the “strawman” level 
created a line too low; hence it would be a 
mistake to “tamper” with the criteria in 
order to bring in one class of programs. 

By the time of the second workshop, 
participants had reconsidered the issue 
with the perspective of time. After detailed 
discussion of the existing criteria, three 
items were put forward to be considered 
by CSAB for change: 

1. In the intent statement of the criteria, 
specifically indicate that they are intended 
for programs in liberal arts and are flexible 
enough for such quality programs to be ac¬ 
credited. 

2. Modify the curriculum section to re¬ 
quire “l-!4 to l-!4 years of computer sci- 

3. Modify the science section to allow 
courses above the two-course laboratory 
science sequence to be in science or em¬ 
pirical methods. 

The first proposed change is needed to en¬ 
courage liberal arts administrators to con¬ 
sider seeking accreditation. The second 
provides a range of coursework (as op¬ 
posed to the “approximately 1-Vz year” 
existing criterion). The participants indi¬ 
cated that in a high-quality environment, 
1-14 years of computer science should be 
sufficient. If this range were to be 
adopted, the participants saw little that 
would allow a program to go below 1-14 
years of computer science. The third pro¬ 
posed change was thought to provide 
greater flexibility. 

These proposed changes were perceived 
as making accreditation accessible to more 
institutions. Even with these proposed 
changes, some of the programs at institu¬ 
tions represented at the workshops still 
would not meet the criteria. 

Analysis of existing criteria. Recogniz¬ 
ing that the proposed modifications might 
not be accepted by CSAB (and even if they 
were, there still would be a need for inter¬ 
pretation of whatever criteria exist), the 
participants developed some intepreta- 
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tions that could accompany the CSAB cri¬ 
teria. The concept behind these proposed 
interpretations is to specify those factors 
that could provide experiences equivalent 
to those arrived at by meeting the letter of 
the CSAB criteria. Some of these pro¬ 
posed “balancing” factors are: 

1. Limited course offerings might be 
balanced by such activities as independent 
study, thesis, senior projects, required 
seminars, cooperative education, and 
work-study experiences. 

2. Where there are smaller class sizes 
and well-prepared students, a smaller of¬ 
fering of courses in the curriculum may be 
balanced by greater richness of topics cov¬ 
ered in the courses. 

3. Greater student contact with faculty 
(lower student to faculty ratios) may com¬ 
pensate for curriculum content or mini¬ 
mum faculty requirements. 

4. A program’s general education re¬ 
quirements may relate directly to some as¬ 
pects of the computer science component 
of the curriculum. Such relevance and in¬ 
tegrations could be a compensating factor 
with respect to the minimum computer 
science requirement. 

5. The care with which students are ad¬ 
vised may be a balancing factor in evaluat¬ 
ing the depth and breadth of the computer 
science content of the program. 

6. Greater access to laboratory and 
computing resources than that outlined in 
the CSAB criteria may provide greater 
depth in the students’ computer science 
studies. 

7. Institutional strengths (such as strong 
admissions criteria, success of graduates, 
and overall rankings in serious evalua¬ 
tions) may compensate for weaknesses in 
other areas. 

In order to take advantage of such inter¬ 
pretations, it would be necessary that the 
institution develop and supply the signifi¬ 
cant supporting evidence. For example, an 
institution with a strong liberal arts philos¬ 
ophy should be certain to express this in a 
clear statement that shows how computer 
science study is enhanced by this focus. At 
the same time, it would be necessary to en¬ 
sure that CSAB visiting team members be 
sensitized to the issues involved. 

In reviewing the compensating factors 
identified, the workshop participants rec¬ 
ognized that they should not be considered 
unique to liberal arts-oriented programs, 
but rather could help in identifying quality 


programs in any environment. Further¬ 
more, it was recognized that with greater 
study a larger list of compensating factors 
might be identified. The experience of ac¬ 
tual visits may provide some items for con¬ 
sideration. 

The workshop attendees believe that it 
is important that an interpretive document 
(or documents reflecting varieties of set¬ 
tings) with as wide a focus as possible be 
developed soon. While it appears that such 
a task is more appropriate for the sponsor¬ 
ing societies, it is important that the expe¬ 
riences of the current CSAB visits be fac¬ 
tored into the development. 


Summary 

recommendations 

The following recommendations were 
adopted by the participants in the two 
workshops; 

1. The following proposed modifica¬ 
tions to the accreditation criteria be con¬ 
veyed to the Computing Sciences Ac¬ 
creditation Board: 

a. Wording in the criteria be included 
to encourage institutions with programs 
in the liberal arts to seek accreditation; 

b. The requirement of “approx¬ 
imately 1 'A years of computer science” 
be changed to “ 1 !4 to 1 'A years of com¬ 
puter science”; and 

c. The requirement for two science 
courses beyond the two-course se¬ 
quence in the laboratory sciences be 
broadened to include empirical 
methods. 

2. The nature of balancing factors that 
may be present in quality computer science 
programs be communicated to the Com¬ 
puting Sciences Accreditation Board. Fur¬ 
thermore, that examples of such factors be 
incorporated in the training sessions for 
team chairs and team visitors; 

3. Sponsoring societies be informed of 
the desire for the development of inter¬ 
pretive guidelines and model programs 
that will supplement and expand upon 
CSAB criteria; 

4. The accreditation visits and actions 
be evaluated—particularly those involving 
programs in a liberal arts structure—to 
determine what problems may exist, if 
any, for such programs being considered 
under existing criteria; and 


Modification to 
the CSAB criteria 
are possible that 
allow certain quality 
liberal arts programs 
to fit the letter 
of the criteria. 


5. The general endorsement of the con¬ 
cept of accreditation for computer science 
programs in the liberal arts context, as the 
sense of the workshops, be made known. 

A ttempting to draw conclusions 
from the deliberations of such a 
varied group of individuals repre¬ 
senting a wide variety of programs can be 
dangerous. There were, however, several 
common threads stemming from the 
discussion at the workshops that warrant 
comment. 

Perhaps the strongest result was recog¬ 
nizing that the liberal arts programs and 
their environments are so diverse that a 
single set of recommended criteria to cover 
them all is impossible. A corollary to this is 
recognizing that quality programs are in 
no way the sole property of liberal arts 
schools and colleges. Indeed, a variety of 
characteristics exist within high-quality 
programs, and any accreditation activity 
must seek to enhance and promote such 
quality wherever it may be found. 

Modifications to the CSAB criteria are 
possible that allow certain quality liberal 
arts programs to fit the letter of the 
criteria. Where it can be shown that these 
modifications are beneficial to the pro¬ 
cess—and they will not adversely affect 
the quality of the accreditation effort— 
they should be incorporated into the crite¬ 
ria. It must continue to be the concern of 
CSAB to review and update its criteria to 
respond to the issues raised in the two 
workshops and to meet the ever-evolving 
needs of the computing discipline and pro¬ 
fession. 

Equally important is the development 
of interpretive guidelines for the criteria. 
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While the criteria are designed to be ap¬ 
plied flexibly, appropriate papers and re¬ 
ports that will explain what this means to 
institutions—and to CSAB visitors—will 
go a long way toward providing a stronger 
accreditation program (without the com¬ 
plications of changing the criteria). The 
preparation and dissemination of inter¬ 
pretive documents must be a continuing 
high-priority activity of the sponsoring 
societies. 

While it is recognized that not all liberal 
arts-based programs will seek accredita¬ 
tion, and while it is acknowleged that there 
are cases where accreditation may not be 
appropriate, it is believed that CSAB ac¬ 
creditation is appropriate for a great num¬ 
ber of such programs. This accreditation 
should be regarded as an opportunity to 
measure a program’s quality, to upgrade 
that quality where needed, and to provide 
recognition of programs of quality. 

One key to the success of the process 
will be the number of institutions with 
strong programs that seek to have them ac¬ 
credited. Equally important will be the re¬ 
cruitment of professionals of recognized 
excellence to serve as team chairs and visi¬ 
tors; their contribution of time and effort 
will help ensure the success of the accredi¬ 
tation program under CSAB. Meeting 
these goals will help establish a quality ac¬ 
creditation program and contribute to the 
further development of the disciplines we 
know as the computing sciences. □ 
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Accreditation 
Pro and Con 


Ware Myers, Contributing Editor 


Society's need for 
generalists and 
specialists creates 
conflict in curricula 
development. 


I s computer science a profession? was 
asked by J. Dennis Bjornson of the 
Boeing Company at the March 6 
Compcon Spring panel session, which was 
moderated by J. T. (Tom) Cain of the 
University of Pittsburgh. Not legally, 
Bjornson answered. 

That will take an 
accrediting process. 

Such a process, operated by the Com¬ 
puting Sciences Accreditation Board, 
commenced operations in 1985, reported 
Taylor L. Booth of the University of Con¬ 
necticut. Booth is the past president of 
CSAB and currently a representative 
director to CSAB for the IEEE Computer 
Society. 

The development of the CSAB ac¬ 
creditation program “has caused concern 
among individuals involved in liberal arts 
programs,” noted Gerald L. Engel, also 
of the University of Connecticut, a visiting 
team chair for CSAB. 

“I am not generally a fan of accredita¬ 
tion,” said Gene Lawler of the College of 
Engineering of the University of Califor¬ 
nia, Berkeley, living up to Engel’s obser¬ 
vation. Lawler, a professor of electrical 
engineering and computer science, ad¬ 


ministers the computer science major for 
the College of Letters and Sciences. 

Yale Patt, also of the College of Engi¬ 
neering of UCB but a proponent of ac¬ 
creditation, pointed out, “The issue is not 
making accreditation standards fit what 
the universities can satisfy. Rather the 
issue has got to be making accreditation 
standards fit what is needed by society.” 

Profession defined. Under the Fair 
Labor Standards Act of 1938 employees 
must be paid time and one half their 
regular hourly rate for hours over 40 per 
week. Executive, administrative, and pro¬ 
fessional personnel are exempt from this 
requirement, but they must meet certain 
criteria. In the case of the professional ex¬ 
emption, which might apply to computer 
science personnel, the criterion of interest 
here is the long and organized course of 
study on which professional status is 
based. 

“The Boeing Company classifies those 
computer scientists who are a part of our 
Engineering team as part of our exempt 
professional engineering payroll,” Bjorn¬ 
son said. “The typical work performed by 
these computer scientists is requirements 
definition, preliminary and detail design, 
programming, and integration and testing 
of typically large-scale, dynamic systems, 
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which include the hardware and software 
that are an integral part of our products. 

“In regard to computer programmers 
and system analysts being recognized as 
learned professionals, however, the Fair 
Labor Standards Act is quite explicit,” he 
continued. “Apparently, because of the 
lack of consistency and uniformity in com¬ 
puter science curricula, computer science 
is not recognized as a learned profession, ’ ’ 
Bjornson said. He quoted the Code of 
Federal Regulations, which implements 
the Fair Labor Standards Act: 

“At the present time [1984] there is too 
great a variation in standards and aca¬ 
demic requirements to conclude that em¬ 
ployees employed in such occupations are 
a part of a true profession recognized as 
such by the academic community with uni¬ 
versally accepted standards for employ¬ 
ment in the field.” 

As an interim solution, Boeing devised a 
profile of minimum requirements and 
matched these requirements against the 
characteristics of several hundred existing 
computer science programs. Boeing then 
evaluated the programs on its provisional 
list and determined that just under half of 
them were qualified as sources of profes¬ 
sional candidates. 

However, Boeing would prefer to rely 
on a formal accreditation process oper¬ 
ated by the practicing professionals in the 
field, as it does in the case of other disci¬ 
plines. For example, it hires only gradu¬ 
ates of programs sanctioned by the Ac¬ 
creditation Board for Engineering and 
Technology into positions under the pro¬ 
fessional exemption. It intends to use pro¬ 
grams accredited by CSAB in the same 
way. 

“Accreditation according to profes¬ 
sionally established guidelines is the only 
workable solution to the computer sci¬ 
ence personnel dilemma, ’ ’ Bjornson con¬ 
cluded. 

Wide range of programs. Nationwide 
there are about 1200 computer science 
programs offering various degrees. 
“They cover an extremely wide range of 
courses,” Booth said. 

One school believed its program to be 
outstanding—it had graduates at all the 
big companies who were doing well, it told 
the Board. Its program consisted of a re¬ 
quired course in business programming— 
Cobol, according to Booth; a required 


course in scientific programming—For¬ 
tran; a course in database processing 
“which I think is best classified as dBase 
3”; a course in the fundamentals of oper¬ 
ating systems, “which was how to use MS 
DOS”; and a work experience period, 
which it called internship. 

“And they felt this was preparing peo¬ 
ple for work in the computer field, ’’Booth 
exclaimed in disbelief. 

In another situation CSAB was con¬ 
tacted by an attorney on behalf of a client 
who had graduated from a computer sci¬ 
ence program, but had been dismissed 
after six months on the basis of in¬ 
competence. It turned out that the client 
had no more than high school mathemat¬ 
ics and had taken only three courses in 
programming—Cobol, Fortran, and a 
report generator. Three such courses are 
not sufficient to make a valid computer 
science curriculum, Booth said. 

“Many people are anxious to get into 
the computer field, but they have no idea 
of what the course of study should in¬ 
clude,” Booth went on. “They go to the 
local campus of a higher education institu¬ 
tion and run into experiences such as 
these.” 

CSAB criteria. The key CSAB criteria 
include approximately 1.5 years, or 37.5 
percent, of the four-year program in com¬ 
puter science and approximately one year, 
or 25 percent, in mathematics and science. 
In addition to courses in the humanities, 
social sciences, and other disciplines, the 
program should be rounded out by a selec¬ 
tion of electives that would provide an 
understanding of an area to which the 
techniques of the computer field may be 
applied. 

There should be at least five full-time- 
equivalent faculty of which four should be 
full time with primary commitment to the 
program. In addition, the criteria set stan¬ 
dards for teaching loads, class size, labora¬ 
tory and computing resources, and admin¬ 
istrative support. (See J. T. Cain’s article 
on CSAB in the January 1986 issue of 
Computer for further information.) 

During its first year, CSAB made ac¬ 
creditation visits to 31 colleges and univer¬ 
sities of the 125 that had requested visits, 
Booth reported. Final decisions will be 
made by the Board this summer. In the 
coming year CSAB plans to visit about 40 
departments. 


Two workshops held. The concern with 
the CSAB criteria by the liberal arts com¬ 
munity led to two workshops in 1985 to 
address the accreditation issue. The com¬ 
plaint most commonly expressed was that 
the CSAB criteria are too engineering- 
oriented, reported Engel, the workshop 
co-chair. The nub of the issue seems to be 
that many liberal arts colleges limit the 
hours that may be devoted to the major to 
no more than, for example, 25 percent. 
Other institutions place a limit on the 
number of courses that may be required in 
the major. The intent of these limits is to 
ensure that students are broadly educated 
in the humanities, not just in a special 
field. 

A report on the two workshops by En¬ 
gel and John F. Dalphin is contained in 
this issue of Computer. 

The liberal arts view. According to 
Lawler’s interpretation of the CSAB 
criteria, 75 semester hours out of 120 are 
prescribed for computer science, mathe¬ 
matics, and science. In addition, 15 more 
hours of electives are supposed to be 
“computer-related.” That makes 90 
hours in total. At UC Berkeley, the com¬ 
puter science major for liberal arts 
students devotes 57 hours to these sub¬ 
jects. It devotes 33 hours to computer 
science itself, far less than the 45 hours 
specified by the CSAB criteria. In compar¬ 
ison, the ACM model curriculum requires 
only 33 to 36 hours in this area, Lawler 
said. (Berkeley also has a computer science 
program for engineering students that 
Lawler did not speak about.) 

‘ ‘The end result is that we are light years 
away from satisfying the CSAB require¬ 
ments in the liberal arts program at Berke¬ 
ley, ’ ’ Lawler asserted. “I think that it is ex¬ 
ceedingly unlikely that we would like to 
have CSAB accredit our letters and science 
program in computer science. Yet I think 
it is a very high quality program and I 
don’t think the faculty would want to 
change it to the extent required to meet the 
guidelines. There is absolutely no disgrace 
in a liberal arts program not being ac¬ 
credited by CSAB.” 

Quite a number of schools among those 
1200 colleges with computer science pro¬ 
grams of some sort will feel that, in order 
to achieve some kind of credibility, they 
must knuckle under to the pressure for ac¬ 
creditation and greatly expand their com- 
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puter science requirement, Lawler con¬ 
tinued. The result will be that “resources 
will be stretched still thinner and students 
will be given far less exposure to other sub¬ 
ject matter that one would normally ex¬ 
pect within a liberal arts curriculum,” 
Lawler added. “It’s just one more body 
blow to liberal education.” 

In his opinion, the CSAB thrust is to 
provide a standard for professional or en¬ 
gineering accreditation, a goal with which 
undergraduate liberal arts programs 
should not be concerned. When a student 
majors in physics, for example, it is not an¬ 
ticipated that he or she will become a pro¬ 
fessional until he gets a master’s degree. “I 
think the same thing should be true in 
computer science,” he indicated. “To 
become a professional, one should go on 
to graduate school.” 

Society’s needs. There should be no loss 
of face for a liberal arts program to elect 
not to be accredited, because accreditation 
is really a form of licensing, Patt offered. 
By its very nature computer science educa¬ 
tion is double-headed on many levels. It is 
driven by economics in some ways, but not 
in all ways. There are programs with a 
strong intellectual content, such as the one 
at Berkeley, a content independent of the 
jobs in Silicon Valley, but there are other 
programs driven by jobs. 

On the other side of computer science 
—the nonintellectual content part of it—it 
is a discipline that serves the needs of socie¬ 
ty, Patt observed. For that there has to be 
some form of licensing. In the absence of a 
CPA or bar exam, accreditation provides 
a form of licensing. 

Patt saw two aspects in the accreditation 
process. One is the quality of the program 
and the other is its scope. A program that 
offers first class work in a very narrow 
aspect of computer science should be al¬ 
lowed to give computer science degrees, 
probably the AB. It shouldn’t necessarily 
be accredited. 

At Berkeley there are two degreed pro¬ 
grams, one strongly influenced by the en¬ 
gineering faculty and the other strongly in¬ 
fluenced by a sense of liberal education, 
Patt said. He believes that this arrange¬ 
ment is appropriate for Berkeley. “If an 
employer wants to know that he is hiring a 
graduate of an accredited program, then 
he should know that the graduate has 


passed a minimal standard of both quality 
and scope.” 

“It is no disgrace,” he concluded, “if a 
department offers two separate degreed 
programs. If you want to have exempt 
status at Boeing, you take this program. If 
you want to learn something with intellec¬ 
tual content, you take this other cur¬ 
riculum. And if you want to, you can stay 
in school for additional years and take 
them both.” 

Truth in advertising. “I hope that Gene 
(Lawler) and Yale (Patt) are advising their 
students so that they can make a conscious 
choice when they enter one program or the 
other of what its advantages and limita¬ 
tions are,” Booth countered. “The stu¬ 
dent who goes through the BS program of 
engineering education has a significantly 
different preparation, education, and 
goals from the student who chooses the 
BA program. 

“I hope Gene is telling the BA student 
that if he wants to compete with the BS 
student that he might have to take another 
year of professional education, possibly at 
the master’s level, to come up to the same 
level of professionalism,” Booth contin¬ 
ued. “Of course, the BA student, in addi¬ 
tion, will have a broader education that 
will allow him or her to become a more 
rounded individual. What we are talking 
about in accreditation is truth in adver¬ 
tising.” 


Further comments. Following the initial 
presentations by the panel members, 
moderator Cain encouraged more than an 
hour of comments from the floor and fur¬ 
ther elaboration of their views by the 
panelists. 

“Schools invite you in,” said one 
knowledgeable member of the audience of 
the accreditation process. “I’ve never had 
anybody complain that there is a moun¬ 
tain of paperwork. It’s never been a nega¬ 
tive experience for me. We don’t go in to 
offer advice. It’s not our job to tell you 
how to run your programs. It’s like a lit¬ 
mus test: you’ve got it or you haven’t. 

“A lot of people take the attitude that 
they don’t need accreditation,” he con¬ 
tinued. “It may be that CSAB will die a 
natural death, but if the experiment is 
never run, no one will ever know. It will 
help the little schools who are being 
pressured by their administrators to offer 


computer science programs because there 
is money to be made. People in these 
schools need something like CSAB so they 
can say to their infrastructures that you 
can’t expect us to run a computer science 
program without sufficient resources.” 

The top 100 schools may not need an ac¬ 
creditation process, but what are things 
like at the 500 or 600 level or even at the 
1199 level (out of the 1200 schools offering 
some kind of computer science), another 
member of the audience asked. 

“Some of these schools have never got¬ 
ten off their campuses to compare what 
they are doing to the norm,” Booth re¬ 
plied. “In some cases they are completely 
unaware of how inadequate their pro¬ 
grams are.” 

In such cases the “mountain of paper¬ 
work” actually becomes an instructive 
self-evaluation tool that challenges the 
faculty and administration to take off 
their rose-colored glasses and see how they 
match up with the criteria. They start fac¬ 
ing up to some of the embarrassing ques¬ 
tions they may have been avoiding. In 
several cases they have put off the ac¬ 
creditation visit phase of the process. 

“I would also like to point out,” Booth 
continued, “that some of the self- 
appointed top 100 schools may have excel¬ 
lent graduate programs but are neglecting 
their undergraduate programs. Students 
who go to these schools because of their 
reputations get seriously shortchanged.” 

Sometimes these schools are quite em¬ 
barrassed when an accreditation team 
looks into their undergraduate program. 


S ociety needs well rounded in¬ 
dividuals—the goal of the liberal 
arts—to help carry on civilization as 
a whole. It also needs professionally 
qualified individuals—the goal of com¬ 
puter science accreditation—to perform 
some of the tasks on which civilization 
rests. Moreover, young people have dif¬ 
ferent financial resources and time-to-job 
horizons. And so the debate continues. □ 


Ware Myers has been a Contributing 
Editor for the Society’s magazines since 
1976. 
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Special Feature 


Computer Science 
Education in the 
People's Republic 
of China 


John H. Maier 


It is to the benefit of 
the United States to 
welcome China both 
as a trading partner 
and as a new young 
member of the 
computer-based 
electronic village 
community. 


T he United States now does more 
trade with Asia than with Europe, a 
trend that is predicted to continue 
into the next century. The United States is 
now China’s largest import partner, and 
third largest export partner, after Japan 
and Hong Kong. As a nonaligned, friend¬ 
ly, developing country, China wants to 
modernize, and, in fact, catch up with 
Western developed countries. A key to 
modernization for China is computer 
technology, and, as a corollary, computer 
science education, but success will not oc¬ 
cur in one great leap. In addition to 
China’s domestic efforts, China now 
looks to the West in its efforts to join the 
information technology community. Dur¬ 
ing the years 1983-85 China has bought 
over a half billion of US-manufactured 
computer hardware. It is to the benefit of 
the United States to welcome China as 
both a trading partner and as a new young 
member of the computer-based electronic 
village community. This article explores 
China’s recent educational activities in 
computer science, and is current through 
the fall of 1985. 

Prior to the 1960’s computer-related 
education in the United States emphasized 
mathematics and engineering and was 
mainly limited to those who had design 
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and on-hands experience with computers. 
By the mid-1960’s, spurred partly by the 
Sputnik push for advancements in science 
education, partly by the realization of the 
growing interdisciplinary influences of 
computer technology, and partly by the 
maturation of computer science as a 
discipline, specific computer science, or 
CS, academic curricula began to formalize 
in American universities. At about this 
time, two important reports*—the Na¬ 
tional Academy of Sciences’ “Digital 
Computer Needs in Universities and Col¬ 
leges (1966)” and the President’s Science 
Advisory Committee’s “Computers in 
Higher Education (1967)”—resulted in 
specific national curriculum recommenda¬ 
tions called Curriculum 68 (later updated 
to Curriculum 78). As early as 1962 Stan¬ 
ford University had already established a 
CS department, one of the first, and by the 
latter 1960’s CS departments had begun to 
open up on campuses across the United 
States. 

As reported in a survey conducted in 
1977, approximately 3000 US educational 
institutions offered over 1500 computer- 


•Further information can be obtained from the 
National Academy of Sciences, 2101 Constitution 
Ave., Washington, DC 20418. 
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related degree-granting programs, and of 
the 3000 over 100 offered PhD degrees in 
computer science. Also, 130,000 students 
were specializing in computer science (80 
percent undergraduates). 

In 1982 30 CS department administra¬ 
tors met to review the CS education needs 
of the United States. They predicted, as 
did a then-current White House Office of 
Science and Technology Policy report, 
that despite substantial growth in Amer¬ 
ican CS education—250 new PhD’s in 
1979—there would still be an acute CS 
professional shortage into the 1990’s in the 
United States. They noted that explosive 
industrial and information technology 
growth was not being matched by the out¬ 
put of US educational institutions. 

China's computer 
education crisis 

The total number of computer profes¬ 
sionals in China (in 1984 estimated at 
about 100,000) is still fewer than can be 
found within a healthy radius of Stanford 
University, in Palo Alto, California. 
China’s top leaders, including the Minister 
for Education, the President of the Chi¬ 
nese Academy of Sciences, and leading 
members of the State Council, all realize 
China’s urgent need to join the informa¬ 
tion technology revolution. Members of 
the Chinese Academy of Sciences have 
begun to share the developed nations’ vi¬ 
sion of the world as a global village with an 
electronic system of interconnection. 1 
President Reagan, in his 1984 visit to 
China, lectured at Fudan University in 
Shanghai and mentioned a new US-made 
computer being installed there. In fact, be¬ 
tween 15 and 30 Chinese universities are 
receiving Honeywell upper-medium-scale 
machines. Despite this general awareness 
of China’s pressing need for computer- 
related technology, and computer educa¬ 
tion, a close look at what is occurring there 
today reveals a discouraging situation, one 
in which China’s attempt to meet modern¬ 
ization goals and to ‘ ‘catch up” with coun¬ 
tries who possess a technology that is going 
through generational changes every five 
years is not moving fast enough. 2 

China, a country of more than a billion 
people (75 percent of whom are involved 
in agriculture), is presently decentralizing 
large portions of its centrally planned 



economy and giving rein to market forces. 
China’s needs are unique to China, but 
there can be no doubt that computer 
technology and related communications 
technologies are central to China’s hopes 
for modernization. 

This article is a result of a year of lectur¬ 
ing in China in a special program of in¬ 
troducing computer science to recently 
graduated Chinese scientists from almost 
all parts of China, and from many of the 
key universities in China (these students 
were being prepared for graduate doctoral 
studies in the United States), and of 
visiting computer centers and CS science 
departments in 16 key universities in 
China. 


A brief overview of 
China's educational 
system 

There are presently over 800 universities 
and colleges, 100,000 secondary schools, 
and 860,000 primary schools in China, 
with 1 million, 40 million, and 136 million 
students, respectively. Of the 800 univer¬ 
sities and colleges 97 have been designated 
as key universities by the Ministry of 
Education, and among them 10 or 15 
stand at the top as the nation’s best higher 
education institutions. Chinese students 
pursuing higher education comprise 0.001 
percent of the total population and 0.007 
percent of its total student population. In 
Chinese universities tuition, lodging, and 
medical care are free. Students pay for 
only their food and textbooks. Entrance 
to most universities is by examination. In 
1981 institutions of higher learning began 
to grant bachelor, master, and doctorate 
degrees after 10 years of the educational 
chaos resulting from the Cultural Revolu¬ 
tion. Since 1981 China has produced 18 
doctorate, 15,000 master degree, and 
320,000 bachelor degree holders. 

Lecturing experience in 
China 

A special adjunct faculty professorship 
was established at Sun Yat-sen University 
in Guangzhou during the 1984-85 academ¬ 
ic year in the belief that computer science 


A department store in busy Guangzhou. 


was the discipline that would be a prere¬ 
quisite for successful post-graduate 
studies in the United States. 

Students intended for such studies were 
divided into three groups according to 
how much CS experience and education 
they had. Testing their ability to define 
selected CS terms and inventorying their 
hardware and software experience re¬ 
sulted in the following breakdown: 

• Group I (approximately 70 percent) 
—little or no prior experience. 

• Group II (25 percent)—some, but 
limited, prior programming experience. 

• Group III (5 percent)—prior ad¬ 
vanced scientific computer-related experi¬ 
ence, generally in applications software. 
The seminar given to Group I students was 
titled “A General Introduction to Com¬ 
puter Science”; to the Group II students, 
“A Survey of High-level Procedure- 
oriented Languages”; and to the Group 
III students, “Advanced Computer Ap¬ 
plications.” Some of the topics in the lat¬ 
ter seminar were: 

• Computer Performance Measure¬ 
ment, 

• Computer Technology—A State-of- 
the-Art Overview, 

• Procedure-oriented Languages, 

• Computer Science Education in the 
United States, 
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Billboards are an important means of mass communication in China. 


• Fifth-generation Goals, 

• Voice Recognition Systems, 

• Space Orbit Control Software, 

• Natural Language Processing, 

• Expert Systems, and others 

In general, the young, recent university 
graduates taking these seminars were en¬ 
thusiastic, receptive to using computers 
within their disciplines, eager for hands-on 
experience, and open to promoting com¬ 
puter science. A central feature of all 
course material was to prepare the stu¬ 
dents for the massively pervasive presence 
of computer technology in the United 
States. It is worth noting that some of this 
course content in the format presented (a 
general survey of computer science focus¬ 
ing on information processing, not num¬ 
ber crunching) was available nowhere else 
on campus, largely because the previous 
generation of educators in China does not 
have the background. 

Campus automation in 
China 

At best, campus automation in China is 
only beginning, and university officials are 
going through the same painful processes 
that US campuses experienced in the 
1960’s, when campus administrators were 
just beginning to decide what role this 
technology should play on campus. 


Recently, on a selected number of key 
Chinese university campuses, computer 
centers independent of the CS depart¬ 
ment, and reporting directly to the univer¬ 
sity president, have been established—a 
setup similar to that found on American 
campuses. This occurred when it was 
realized that computer technology was to 
be, in fact, a campus-wide resource. Man¬ 
agement of this new resource, however, re¬ 
quires that the campus be advised of the 
computer’s potential to improve both 
teaching and research. As presently con¬ 
figured on campuses in China, where new 
fairly large machines have recently been 
installed, with for example perhaps 60 to 
70 remote terminals, all of the terminal 
workstations have been placed very close 
to the computer center building rather 
than in dispersed locations—again, a con¬ 
figuration found on many US campuses in 
the late sixties and early seventies. 
Generally, such an approach tends to in¬ 
hibit the rapid infusion of the technology 
into the infrastructure of the various 
departmental faculties and student 
populations. 

China has a long way to go to match the 
current environment of US campuses, on 
which campus-wide local area networks 
deliver computer services directly to user 
populations within their work environ¬ 
ments, but now is the time for systems 
planners to do so. Chinese campuses in 
selected key universities are undertaking 


substantial building expansion programs 
—certainly a healthy sign. But construct¬ 
ing new buildings meets the form not the 
content of future technological needs, an 
important one being campus-wide delivery 
of computer services. 

Automation of Chinese 
libraries 

A critical campus need and application 
is library automation, a seminal informa¬ 
tion technology accomplishment. Librar¬ 
ies are the heart, soul, and key resource of 
any learning and knowledge production 
community. This has been true since the 
time of Socrates* and the Hanlin Acad¬ 
emy of the Han Dynasty, but in the twen¬ 
tieth century the worldwide explosive 
growth in information mandates com¬ 
puterization of important libraries, some¬ 
thing that occurred in the United States in 
the mid-1970’s. An important benefit, it 
should be noted, of automation is that it 
necessitates rationalization and rigorous 


* “Socrates,” interestingly, is the name of Stanford 
University’s campus-wide library automation and 
information retrieval system. It has always been this 
author’s desire to sit at the desk and be able to access 
any library in the world, regardless of language. It 
should be noted that in China national automated re¬ 
search centers and libraries are high priority, but 
accomplishments have been slow. 


52 


COMPUTER 

















Provincial museum in the suburbs of Nanjing, an urban center west of Shanghai. 


taken for granted on US campuses (for 
student registration, course listing, grades, 
alumni listing, transcripts, budgeting, 
etc.) no Chinese campus has yet imple¬ 
mented. The rigid structure of, and lack of 
cooperation between, working, or organi¬ 
zational, units on Chinese campuses, 
however, could hinder such a venture. A 
lesson that has to be learned is that to be 
effective computerization must cut across 
all bureaucratic lines. Implementation of 
an effective campus MIS would result in a 
first for China—one that could be repli¬ 
cated on an interuniversity consultancy 
basis, thus saving China important appli¬ 
cations developmental time redundantly 
expended elsewhere. And finally, auto¬ 
mation will not occur easily elsewhere in 
Chinese society until campuses get their 
own houses in order. 


systemization, a healthy process that 
would be instrumental in reforming and 
modernizing China’s library systems. 

Difficulties with automating Chinese 
characters have essentially been solved 
using many viable systems (in varying 
hardware and software environments). In 
fact, Chinese characters (ideograms) input 
and output methodologies can differ ac¬ 
cording to circumstances, needs, and 
levels of skill of user populations, and the 
main focus should now be on internal 
standardized systemic binary representa¬ 
tion so that there is compatibility with 
many system interfaces, including those of 
Western products. The technology is 
available; choice is now the appropriate 
action. 

China’s library classification coding 
system is dated (for example, it lacks 
categories for many newer technologies in 
computer science), and differs from other 
widely used systems such as the Library of 
Congress system and the Dewey Decimal 
System, but it is possible to work around 
this situation with software system design 
that is flexible enough to allow the classifi¬ 
cation system to grow and expand, and to 
allow tables to be cross-referenced into 
other coding classifications. At Beijing 
Library, which is the national library of 
China, an automation project on a Fujitsu 
is making progress, and cooperation with 
the US Library of Congress has been 
established so that Beijing Library will be 


using MARC format computer records 
for interlibrary exchanges. China’s 1978 
National Science and Technology Confer¬ 
ence, attended by Deng Xiaoping, gave 
top priority nationally to library automa¬ 
tion. Progress has been very slow. 

The knowledge base contained in Chi¬ 
na’s libraries is, in part, integral to general 
world scientific knowledge, but it also 
contains highly specialized categories of 
knowledge peculiar to China. However, as 
of the fall of 1985 only one small, limited, 
prototype library automation project in 
China has come up. 

The point is that the technology now 
makes it feasible for China to automate its 
important libraries, but until this water¬ 
shed is reached, China’s researchers, 
scientists, students, and faculties will be 
seriously handicapped. Further, until Chi¬ 
na’s academic communities become famil¬ 
iar and comfortable with on-line informa¬ 
tion technology, it will not penetrate other 
sectors of China’s economy and society. 


Campus management 
information systems 

Another area of campus-related auto¬ 
mation is Management Information Sys¬ 
tems, or MIS. I have encountered only one 
Chinese campus on which development of 
such a system was underway. Systems now 


CS education 

China’s activities in computer tech¬ 
nology date from 1958, when the Institute 
of Computing Technology under the 
Chinese Academy of Sciences produced a 
first-generation vacuum-tube computer 
capable of 1000 operations per second. 
Today, China has successfully built a 100 
million operations per second vector array 
processor, the “Galaxy,” or “Yinhe,” 
placing China among the few countries in 
the world that can produce supercom¬ 
puters. China has also successfully placed 
into geostationary orbit a functioning 
communications satellite. But China has 
not yet matched these salient accomplish¬ 
ments, which required intensive research 
and development coordination, with CS 
activity of breadth and depth in China’s 
various social and economic infra¬ 
structures. 

It could be that, as of now, the Chinese 
are beginning to produce a new generation 
of broadly trained CS professionals. For 
example, thousands of Chinese students, 
not all in computer science, are studying in 
the United States, and when they return to 
China, they will be more familiar, to one 
degree or another, with computer systems 
after their encounters with the all-per¬ 
vasive computer in the States. The number 
of these professionals now being trained 
is, however, inadequate for China’s future 
needs. 
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Vis-a-vis computer science in China, the 
universities most frequently mentioned 
are: Qinghua, Jilin, Beijing, Nanjing, 
Fudan, Shanghai Jiaotong, and Xian 
Jiaotong. However, CS departments are 
rapidly emerging in many other univer¬ 
sities, including, for example, Hunan 
University, with its close ties to China Na¬ 
tional Defense University, where the 
Galaxy was developed. Hunan University, 
for example offers such courses as Discrete 
Math, Digital Logic, Fundamental Proj¬ 
ect Design, Data Structures, Compiler 
Principles, Operating Systems, Micro¬ 
computer Applications, DBMS Struc¬ 
tures, Methods of Design and Analysis, 
Image Processing, Special Engineering, 
LISP, Technical Interface LSI, Pascal, C, 
Fortran, Networks, Computability, CAD, 
AI, Expert Systems, Software Engineer¬ 
ing, Fast Fourier Transforms, Unix 
Operating System, Control Systems, 
Chinese Information Systems, and others. 

Some schools have extended strength in 
such applications areas as physics, mathe¬ 
matics, astronomy, space sciences, engi¬ 
neering, and other sciences. In general 
there are about 15 universities that are in¬ 
variably considered to be tops in computer 
science in China. In each school I visited, I 


held discussions with the president, the 
department administrator, faculty, and, 
last but not least, students. From these 
talks I gleaned that many more schools are 
planning to upgrade their computer re¬ 
sources by acquiring hardware, expanding 
CS curricula, training faculty to teach 
computer science or integrate it into other 
disciplines, and increasing student recruit¬ 
ment. However, it would seem that, as a 
first priority, China should concentrate on 
strengthening and reforming the current 
CS departments where substantive and 
productive work is occurring. 

Because a thorough treatment would re¬ 
quire an entire other article, I cannot give 
an in-depth description of the Chinese 
Academy of Sciences computer-related in¬ 
stitutes, or of the computer-related activ¬ 
ities of governmental ministries, provin¬ 
cial governments, etc. 

A picture of China’s top-level CS de¬ 
partments has not fully emerged, but it is 
possible to discern both encouraging de¬ 
velopments and problem areas. 

Some encouraging developments are: 

• The emergence of AI studies, * 

• A healthy interest in the computer- 
related activities of colleagues in other 
countries, especially in the United States, 


• The high level of student enthusiasm 
for computer studies (which should not be 
underemphasized and which might indi¬ 
cate in Kuhnian 3 terms that the previous 
generation is on the twilight side of a new 
paradigm for China now unfolding), 

• The relatively rapid growth of under¬ 
graduate enrollments in CS studies (top 
schools now have CS department enroll¬ 
ments ranging from 200 to 500 students), 

• The creation of graduate CS pro¬ 
grams (though only one or two depart¬ 
ments in China confer the PhD in com¬ 
puter science), 

• The excellence of some existing pro¬ 
grams (though they do not match the 
strength of those offered by top US 
schools), 

• The growth and quality of Chinese 
journals in the field, 

• The creation of new applications and 
substantive student projects, 

• The emergence of user groups, and 

• A broader awareness among students 
and a growing awareness in the general 
population of microprocessor technology. 

Also, some CS libraries are fairly well 
supplied with Western and other non- 
Asian journals and books, although the 
journals reach these outlets six months or 
so after publication. Nonetheless the list of 
titles is impressive; unfortunately, stu¬ 
dents are not given access to them. 

Some problem areas are: 

• The danwei cultural attitude that 
results in noncooperation among various 
working units, 

• The “inbreeding” system in univer¬ 
sities in which the graduates of school 
become faculty of the same school and few 
outsiders are hired, 

• Excessive concentration on theoret¬ 
ical work with a slow growth in applica¬ 
tions work, 

• Insufficient attention to and effort in 
interdisciplinary research and applica¬ 
tions, 


* The Chinese are researching in natural language 
processing, voice systems, knowledge representation, 
visual systems, robotics, etc. In China Jilin University is 
always mentioned first for AI work. At this school Pro¬ 
fessor Wang Xianghao is noted and empowered to con¬ 
fer the PhD. In November 1984 China sent a delegation 
to Japan’s Fifth-Generation Conference. The AI Jour¬ 
nal AI World is published by Xinhua Communica¬ 
tions, and Chinese researchers are publishing abroad 
in, for example, The AI Magazine. The Chinese have a 
traditional medicine expert system. 


Sampling of CS courses being given in 
some Chinese universities 


Beijing University. Research in 
laser photocomposition of Chinese 
character texts, image processing, 
data acquisition, DBMS development. 

Nanjing University. Programming 
language design (XCY-2), distributed 
system software (distributed C lan¬ 
guage and distributed dBase II), Chi¬ 
nese word processing software, li¬ 
brary automation, development of an 
Ada compiler. 

Huazhong University. Campus auto¬ 
mation. 

Xian Jiaotong University. Develop¬ 
ment of an Apple II Lisp compiler. 

People’s University of China. 

Development of a relational DBMS on 
an HP 3000, Chinese information pro¬ 
cessing systems, development of a 
system for national economic and sta¬ 
tistical data. 

Wuhan University. Library automa¬ 
tion, formation of an interdisciplinary 
AI group. 


Qinghua University. Development 
of applications software packages for 
microcomputer and minicomputers, 
software product testing tools. 

Hunan University. Final product im¬ 
plementation of PDP 11/23 Chinese 
word processing and text editing, 
conversion of system to IBM-PC (in 
Pascal), communication of system 
with IBM 43XX. 

Shanghai Jiaotong University. Soft¬ 
ware for financial analysis, graphics 
for microcomputer and minicom¬ 
puters. 

Jilin University. Research and de¬ 
velopment of expert systems, AI 
work. 

Also of interest at the Beijing In¬ 
stitute of Computing Technology of 
the Chinese Academy of Sciences, 
work was in progress in development 
of Lisp, C, and Prolog compilers on 
the Chinese BCM-3 machine. 
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• Few Chinese texts on the subject (In 
visiting many bookstores I found at best 
not more than 100 to 200 titles in Chinese 
on computers, and many were recent 
translations from texts in English.), 

• A paucity of information on courses 
offered at universities (Universities do not 
publish campus-wide curriculum catalogs, 
and departments tend to hold on tightly to 
their course listings, making it difficult, 
for example, for a biology student to take 
a CS course.), 

• Underestimation of the role of soft¬ 
ware engineering and economics, and 

• Lack of a clear vision of where the 
discipline of computer science should lead 
China in the future. 

Please note that the above are only im¬ 
pressions—though strong ones. 

If I had a mandate to reorganize and im¬ 
prove CS education in China, my recom¬ 
mendations would include 

• Develop national CS curriculum 
guidelines, such as occurred in the United 
States in the 1960’s; 

• Mandate that faculties periodically 
accept teaching and research positions on 
a regular basis at other than home institu¬ 
tions; 

• Give higher priority in the national 
budget to CS departments including 
monetary incentives for faculty; 

• Design elective courses in computer 
science for students majoring in other 
fields; 

• Openly publish department curricular 
offerings; 

• Open up CS department courses to 
nondepartmental students on a CS depart¬ 
ment consent basis; 

• Involve students in real projects such 
as the development of campus manage¬ 
ment information systems; 

• Ask CS departments to submit five- 
year plans that are both quantitative and 
qualitative and that involve a vision of the 
campus of the future and China’s need; 
and 

• Establish visiting professorships for 
faculty from abroad. 

Additionally, in a technology in which 
there is an acute shortage of a work force 
faculty members, and even students, in 
China should be encouraged to serve as 
consultants to organizations outside of the 
university. In China this would be good 
“theory and practice.” 


I nto the future China will suffer from a 
shortage of computer professionals, a 
situation now occurring in the United 
States—only China’s shortfall will be 
greater if present levels of CS education 
continue. According to statistics an¬ 
nounced by China, China has approx¬ 
imately 100,000 computer professionals, 
and information is not available on their 
levels of skill. Even if the top 15 CS depart¬ 
ments enroll 400 students each for the next 
decade on a continuous level, and 100 
other schools maintain a CS enrollment 
level of 100 students each, this combined 
effort will result in only 35,000 additional 
CS professionals by 1995. At this rate 
China will be graduating one CS student 
for every 250,000 people in China. Cur¬ 
rently, the United States graduates one for 
every 4000 people. 

In just one instance of how it is lagging 
in technology, China has not yet imple¬ 
mented its first national digital network, 
the difficulty being the quality of ter¬ 
restrial phone lines in China. In the United 
States people take for granted a plethora 
of networks, public and private, and do 
not hesitate when they hook up a modem 
to the nearest phone. China, however, is 
now importing such technology, and is ne¬ 
gotiating now with the United States for 
an advanced geostationary communica¬ 
tions satellite. This may solve China’s na¬ 
tional needs for reliable data communica¬ 
tions, and Chinese computer scientists 
may then get to work on a long list of ap¬ 
plications waiting to be implemented. But 
everything takes time. 

China wants to modernize by the year 
2000, the year in which it would like to 
host the Olympics, to a level of the ad¬ 
vanced countries in the 1980’s. It must im¬ 
plement plans not only to catch up with 
technology, but also to stay abreast and 
move ahead of technology. China is now 
in the “catch up” phase in a very dynamic 
technology. China must move as fast as 
the technology just to maintain its current 
relative position; to begin to catch up, or 
make relative progress, China must move 
faster than the technology itself. Com¬ 
puter science is a key technology in the 
sense that it is an integral part of all the 
sciences today; a full realization of its im¬ 
portance will become evident only in the 
future. 

Perhaps a national computer confer¬ 
ence addressing China’s CS needs (similar 


China must move as 
fast as the 
technology just to 
maintain its current 
relative position. 


to China’s 1978 National Science and 
Technology Conference) involving com¬ 
puter scientists and CS department admin¬ 
istrators, university presidents, Ministry 
of Education officials, and Chinese 
Academy of Sciences members, and with 
the blessing of the State Council, would 
suffice and to formulate clearly what 
China must do to bring its CS technology 
up to par with the developed countries. 

If there is doubt as to the importance of 
computer science to China’s moderniza¬ 
tion aspiration, then I will quote the Tang 
Dynasty poet Li Bai: 

The woods are black and a wind 
assails the grasses 

Yet the general tries night archery— 
And the next morning he finds his white 
plumed arrow 

Pointed deep in the hard rock 
This poem—a Zen-like koan—answers 
the question “How is modernity achieved 
in China?” thus: Though shot in the black 
of night, the arrow went straight to the 
target, much as the seemingly aimless and 
general process of computerizing China 
goes straight to the heart and essence of 
modernizing China. 

As a final note, US technology export 
guidelines for China are still atavistic, are 
seriously hampering China’s moderniza¬ 
tion efforts, and are not appropriate to the 
nonaligned, friendly relationship between 
China and the United States. The United 
States, with its massive inventory of hard¬ 
ware and software, and well-developed 
systems, should not feel any threat from 
China’s relatively modest efforts to devel¬ 
op computer-based systems for its critical 
energy, transportation, banking, tourism, 
management, education, and manufac¬ 
turing infrastructures. 

Implementation nationally, provincial- 
ly, and locally of computer-based infor¬ 
mation technology in China has the high- 
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est and strongest support of China’s 
leadership. To quote Professor Song Jian, 
Chairman of China’s State Science and 
Technology Commission: 4 

I would like to imagine that some 
decades in the future China will be inex- 
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Special Feature 


The Japanese 
and software: 

Is it a good match? 

Laszlo A. (Les) Belady 

Microelectronics and Computer Technology Corporation* 


1 

The key to the 
Japanese approach 
to software 
development is the 
separation of the 
planning and 
implementation 
phases. 


T his article is a purely personal 
account, based on 18 months in 
Tokyo in a research organization 
consisting entirely of Japanese-speaking 
personnel, except for myself. It is not 
intended to be a systematic or scholarly 
study of the Japanese software industry. 

I had the good fortune to have an 
assignment within IBM to go to Japan to 
help Hisashi Kobayashi, director of the 
IBM Japan Science Institute, form a soft¬ 
ware technology research group. This 
institute is the newest member, now four 
years old, of IBM’s worldwide research 
organization. 

My initial intention was to learn the 
Japanese language so as to be able to 
participate fully in the work. I already 
knew four languages fluently, including 
my native Hungarian. Since Hungarian 
does not have the same linguistic roots 
as the western European languages, I 
thought I would have a head start in 
learning Japanese. Alas, it didn’t work 
out. I did learn about 400 Chinese charac¬ 
ters and I did become able to converse with 
my Japanese language teacher after a 
fashion, but I did not become fluent 
enough to talk with my coworkers in 
Japanese. That was a disappointment. 

First, let me give you a brief rundown of 
the Japanese software industry. Perhaps 
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the best known activity is the Fifth 
Generation Computer Project. It is pri¬ 
marily an architectural effort, but it in¬ 
cludes the development of the software 
necessary to make the hardware complete. 
I don’t believe this project is primarily 
aimed at improving the process of effi¬ 
ciently producing high-performance soft¬ 
ware. That is another issue. Still, ICOT, 
the institute managing the project, tends 
to be the gatekeeper between Japan and 
the rest of the world on the technologies 
having to do with computers. 

The real down-to-earth software tech¬ 
nology effort resides in the Big Three or 
the Big Six companies. This effort is aimed 
at improving productivity and quality in 
an industrial every-day sense. The Big 
Three are the Nippon Electric Co., Hita¬ 
chi, and Fujitsu, and the other three are 
probably Toshiba, Oki, and Mitsubishi. 

In addition, there is a large effort, called 
the Sigma project, involving a combina¬ 
tion of major customers and software 
houses. The effort started with a couple 
of dozen participants and is now close to 
100. It is being standardized around Unix 
as the basis for developing software and is 
tying the participants together through a 
network. The participants will be able to 
exchange tools and techniques over this 
network. 

How about the universities? In the 
United States Americans pride themselves 
on the excellent relations between industry 
and academia. In Japan it is my intuition 
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Les Belady with Japanese computer 
scientists in Tokyo. 


that the universities are not much tied to 
industry except in the case of the Fifth 
Generation architecture. In software 
technology I regret to say that I did not see 
much cooperation or easy transfer of tech¬ 
nology from universities to industry, or 
vice versa. 

In general, however, I found a very 
positive attitude toward software. The 
strength of this attitude can be illustrated 
by an experience I had several years ago. I 
had been invited to spend a day at the To¬ 
shiba software factory by a friend, a re¬ 
searcher there. I felt that I was a rather in¬ 
significant software researcher, yet I was 
received by the plant manager and his en¬ 
tourage—and this was a large plant with 
20,000 employees. It manufactured pro¬ 
cess-control equipment for steel mills, 
power plants, and other industries. 

All of them spoke quite good English 
and I’ll never forget what the plant 
manager said: “We are old-time engi¬ 
neers, building power plant and control 
equipment. Personally I don’t know any¬ 
thing about software. I know only one 
thing: it is important. It is important for 
the future. It is important for Japan. 
Therefore, we do it and we support it.” 

I have yet to hear top executives in the 
United States speak so positively. I hear 
them saying something like, “I wish soft¬ 
ware would disappear, because it is just a 
problem for us.” 

In Japan, in contrast, I found this posi¬ 
tive attitude everywhere. Top people do 


not necessarily understand software in all 
its details, but they do understand that it 
must be done properly. 


Japanese education 

The “sensei” culture places great em¬ 
phasis on the teacher. The student-teacher 
bond is a relationship for life. For ex¬ 
ample, my teacher of Japanese, who is 69, 
cancelled our class one day because he had 
to meet with his teacher, who was in his 
high eighties. Similarly, my teacher is my 
friend for life. The Japanese have a love of 
teaching, as well as learning. 

The consequence is that education is 
taken seriously. Mathematical courses in 
high school are a must, for example. The 
Japanese are good engineers. Their per 
capita production of engineers is twice 
that of the United States. Incidentally, 
Americans can pride themselves on pro¬ 
ducing far more lawyers per capita! 

One Japanese practice that aggravated 
me at the time was the subjection of uni¬ 
versity graduates to as much as a year of 
additional full-time classroom instruction 
when they joined a company. At IBM 
Japan we spent six months, ignoring the 
fact that these young people had just come 
out of the classroom. 

After a while I think I got the idea. 
What they learn in college are skills. What 
they don’t learn there are real-life prob¬ 


lems, the problems of the particular 
company. The company trains them in 
these specifics and only then are they 
expected to become productive. 

The new graduates recently seem to be 
becoming a little rebellious. In college they 
have been learning new and exciting things 
—perhaps executable specifications or 
formal verification of correctness. When 
they come to a research organization like 
the IBM Science Center, they expect to 
continue this “far out’ ’ work. Instead they 
are taught subjects like real operating sys¬ 
tems and other practical matters. They 
find that the actual software world and its 
problems are completely different from 
what they expected. 

Nevertheless, in Japan industry pro¬ 
vides additional education. They do not 
accept the idea that young people just out 
of school should immediately start work¬ 
ing and producing. 


Separation of planning 
and implementation 

In Japan if you want to get your people 
to start right to work on a problem, you 
can’t. At first I found that aggravating, 
too. If I insisted that they attack a prob¬ 
lem, people would actually slow me down. 
“Wait a minute,” they would say, “we 
have to learn first. ’ ’ They would get all the 
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relevant books and papers. They might 
spend weeks, perhaps months, learning 
about the problem. 

Planning and implementation are 
sharply distinguished activities in Japan. 
This observation is mine. I never heard it 
stated in this fashion, but I think it is true. 
In the United States, of course, there are 
great improvisors—one never knows 
whether they are planning or actually 
building something. In Japan the two 
modes are distinct. Either you are plan¬ 
ning or you are implementing. 

Planning. The planning mode is quite 
informal. In particular, there is no rush. 
This seems to be where many of the reports 
by Westerners come from, that Japanese 
meetings are slow and tedious, not fast 
and action-oriented as in the West. The 
implementation mode, however, can be 
faster and more efficient. Then there is no 
need to deliberate because the plan has 
already been set. 

In the United States the work of plan¬ 
ning and the work of implementation are 
specialized. Each type of work is per¬ 
formed by different people and it is rare to 
see much interaction between them. In 
Japan, however, the participants in the 
planning phase are quite often the same 
ones who will execute the plan. 

Being in no rush during the planning 
phase, the Japanese have time to gather 
lots of information. They have time to ex¬ 
plore lots of alternatives. They have time 
to spend on what Americans might regard 
as details. Procedures come very slowly 
because they examine carefully a number 
of courses of action before they settle on 
one. 

It is not true that everybody in Japan 
believes the same things. That is an im¬ 
possibility. What is true is that they listen 
to each other. They have time to reach an 
understanding of other people’s points of 
view. They have time to understand the 
context in which the plan is to operate and 
to understand the plan itself thoroughly. 
Detail understanding is the goal, not con¬ 
sensus for its own sake. The planning 
becomes an educational process in itself. 

I have the feeling—although I have no 
solid evidence for it—that the Japanese 
have a built-in desire to plan things. In 
contrast, you might say that Americans 
have a built-in desire to act. 


Implementation. At the end of the plan¬ 
ning phase comes the time when tasks are 
assigned. The tasks are not necessarily 
broken out by occupational specialties; 
they are more likely to be sorted out in 
terms of problems. 

The Japanese can work this way be¬ 
cause they are oriented to getting the job 
done. Even people who appear to be over- 
qualified for a little problem are willing to 
work on what Americans might regard as 
an assignment beneath them. In fact, one 
of my Japanese friends provided an exam¬ 
ple of this attitude. 

“Here is another report we have to put 
together,” I said to him apologetically. 
“You remember that you did it before. I 
am afraid that you are going to have to do 
it again.” 

“Wait a minute, ’’ he replied. ‘ ‘What do 
you mean? Why are you apologizing?” 

“It is such a mindless thing for a person 
of your capabilities to have to do,” I said. 
“It will bore you.” 

“I don’t mind. It doesn’t matter,” he 
said. “It’sajobtobedone. Itdoesn’thave 
to be intellectually challenging.” 

In making job assignments, however, 
the Japanese demand that you be as de¬ 
tailed as possible. In my casual Western 
style of management I often did not do 
that. I left things to the imagination; I 
thought things were implied. In Japan you 
have to be specific, because they take you 
literally. 

I learned this fact of life very rapidly 
from my secretary. I gave her a job one 
afternoon which I knew would spread 
over several days. When I returned after 
dinner, she was still working on it—she or¬ 
dinarily left at six o’clock. It seems that I 
had neglected to tell her that it was not 
urgent. She had taken my instructions lit¬ 
erally—do it now. I should have said, 
work on it this afternoon, go home at six 
o’clock, continue tomorrow during regu¬ 
lar working hours until you have finished. 

Implementation in this way may be to 
the American way of thinking a little bit on 
the mindless side. It sounds almost like 
programming a computer in assembly lan¬ 
guage. To some extent it is mindless, ex¬ 
cept for one thing. While efficiency in im¬ 
plementation is a major goal, they will not 
do the work sloppily just to keep to dead¬ 
lines. They will take the time to do it right. 

The important point is the work is well 
planned. Everybody knows what to do. 


Procedures come 
very slowly because 
the Japanese 
examine carefully a 
number of courses of 
action before they 
settle on one. 


They know what kind of software they are 
doing. 

In fact, the Japanese software factory 
goes beyond that by providing human 
feedback. It monitors errors, collects error 
rate data, and distributes the errors over 
different modules. Then it goes beyond 
just presenting the resulting charts to 
management. It feeds the error data back 
into the process itself. Errors in such and 
such a module done by such and such a 
team are fed back to the team. It is feed¬ 
back in a human sense. 

When the software process is well 
planned and designed, it can accom¬ 
modate people with much less preparation 
and schooling than it needs when im¬ 
plementation has to be interspersed with 
innovation because the planning was not 
complete. Someone who just knows how 
to do a few things well in a coding sense 
cannot be expected to make successful im¬ 
provisations to take the place of poor 
planning. 

Japanese attitudes 

That brings us to the issue of whether 
the Japanese are creative or not. Ameri¬ 
cans have said they are noncreative so 
loudly and so often that they have taken it 
as a challenge. Two years ago, while I was 
there, a movement developed to help peo¬ 
ple come up with fresh ideas, to induce 
them to invent. That itself became a 
planned activity. One of the results of this 
movement is the Basic Technology 
Research Promotion Center, where peo¬ 
ple dream, do far out things, and come up 
with unusual solutions. You would agree 
with me, if you could see some of the 
Japanese gadgets, that creativity is 
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The author giving a lecture at an IBM 
conference in Japan. 


palpable in many aspects of the country’s 
life, not only artistically, but also in¬ 
dustrially. 

In fact, the Japanese particularly love 
new gadgets, even though in many ways it 
is still a very traditional country. I myself 
am usually quite satisfied with an old car - 
I still have one from 1965. Many Ameri¬ 
cans are like me. The Japanese usually 
change cars more often than that. There is 
a fascination with mechanical toys and 
robots and practical gadgetry. This at¬ 
titude extends to automation. This under¬ 
lying love of the new is a likely contributor 
to creativity. 

Problem orientation. The Japanese 
problem-oriented attitude impressed me 
again and again. They are problem- 
driven. They consider themselves to be 
employed to solve the problems of their 
organization, not just to show off their 
muscles by doing well in their particular 
area of expertise. Doing well in a specialty 
is irrelevant. The relevant consideration is 
how to apply your abilities to solve the 
problem you now face. 

In the United States I might ask an em¬ 
ployee to tackle an administrative prob¬ 
lem. He says, “No, I am a researcher.” 

I might ask another employee to work 
on this obvious organizational problem, 



reminding him that, “You yourself called 
my attention to it. ” He says, “No, I am an 
administrative assistant. I don’t do that.” 

In Japan solving these problems would 
have been much easier. We would have 
had a meeting and discussed the two prob¬ 
lems. Very soon we would have agreed on 
what the problems were and I would have 
said, ‘ ‘You do this one, and you over there 
do that one.” 

That would have been the end of my 
management problem—no further energy 
would have to be expended. Once some¬ 
thing is perceived as a problem, it becomes 
clear that it has to be solved. Then it is im¬ 
material who is doing the solving. That is 
quite different from the American way. 

Motivation. The high Japanese motiva¬ 
tion may arise from the circumstance that 
Japan is a country poorly endowed in 
natural resources. In the absence of im¬ 
ports, it would run out of energy in a few 
days. It would run out of food in a few 
weeks. It must manufacture and trade in 
order to live. Its chief asset is its people and 
their motivation. 

Willingness to cooperate. To the 
Japanese the contribution he can make to 
his organization is the main source of his 
satisfaction. He takes pride in the progress 


of his group. He is more likely to spread 
his know-how selflessly among his co¬ 
workers than an American is. 

Because of the Kanji character prob¬ 
lem, very little written communication is 
possible at the quick notification level, 
even with computers available. Hand¬ 
writing is tedious and slow. Hence, there is 
lots of oral communication in a Japanese 
organization. This intense oral interaction 
is, I believe, conducive to cooperation. 

The Japanese usually work in open of¬ 
fices without dividing lines. This arrange¬ 
ment is not a matter of poor construction; 
rather, it is there to enable people to con¬ 
stantly ask questions of each other. Also 
they share files with each other, as well as a 
passion for neatness. All of these ar¬ 
rangements facilitate working together in 
an informal manner, in contrast to the 
bureaucratic standoffishness that too 
much paper tends to encourage. 

This intensity of communication, the 
working of problems together, has 
another effect—to optimize the entire sys¬ 
tem, rather than to suboptimize on the 
subsystems. I can illustrate this effect by 
reference to the engineering-manufactur¬ 
ing interface. American designers and 
manufacturing experts in modern times 
have been separate. As an engineer, you 
design and optimize and then throw it over 


60 


COMPUTER 










the fence. The manufacturing experts 
catch it, but then they have to redesign it to 
make it manufacturable. This is an exam¬ 
ple of subsystem optimization. 

Now American industry wants to do 
what the Japanese have been doing and 
are giving it a new name—design for 
manufacturability, that is, designing not 
only in terms of function, but in terms of 
making the product easier to manufac¬ 
ture. This is an attempt to optimize the 
total system. The Japanese methods of 
working together better enable them to ap¬ 
ply total systems optimization to their 
software projects. 

Positive characteristics 

Three characteristics of the Japanese 
appear to have particular relevance to the 
ability to do software well: the sharp 
separation of planning and implementa¬ 
tion, the willingness to do everything well 
even if it is boring, and the strong motiva¬ 
tion to cooperate with each other. 

Indeed, it seems that a Japanese either 
plans or implements. During planning no 
time and effort are spared to put all the 
details together. During implementation 
the execution of the plan is almost 
mindless. In contrast, the Western way 
mixes implementation with improvised in¬ 
novation—whether the latter is desirable 
or whether it might undo earlier agree¬ 
ments with other participants. 

I was startled to see the energy and ef¬ 
fort put to a task regardless of whether it 
was intellectually challenging or not, novel 
or repetitious, short- or long-term. The in¬ 
tensity applied to the job seemed always 
the same. 

The Japanese always tries to optimize a 
larger entity than his individual self: the 
target is the company, the project, the 
team. Pride of accomplishment is derived 
from the success of a product, which is the 
fruit of team effort. This is in contrast to 
the large management effort and psychic 
energy demanded and spent on compro¬ 
mising conflicts triggered by jealousy and 
often self-destructing rivalries in the West. 

As people participate in both the plan¬ 
ning phase and the implementation phase, 
they acquire much more complex knowl¬ 
edge. The knowledge exists in their skulls, 
not on pieces of paper. As you move the 


people around, they carry the technology 
from one place to another. 

There are at least two paradoxes in 
Japan. One is between tradition and 
novelty. Tradition is strong in Japan, yet it 
accepts novelty in technology. 

The other is between integration and 
specialization. The Japanese software fac¬ 
tories integrate all the phases of devel¬ 
opment from requirements to testing, 
perhaps even maintenance, but they are 
also specialized in another dimension 
—Toshiba in process control software, 
Hitachi in the Cobol world and data pro¬ 
cessing, and NEC in communications 
software. In their areas of specialization 
they are able to make much use of re¬ 
usability. 

All of these characteristics seem to have 
a positive effect on the improvement of 
software productivity and quality. Devel¬ 
opment is more predictable if it is well 
planned, if detailed work is not skipped 
over, and if activities are well coordinated 
in large projects. 


A moving target 

Yet I am less afraid of the Japanese 
competition now than before my assign¬ 
ment in Japan. There is a dark side to 
many of these characteristics. There are 
instances in Japanese history, which I 
won’t go into, in which the whole country 
has been led into disaster by going too 
much on inertia. They have started on a 
course of action and become so obsessed 
by the beauty of this well-planned activity 
that they have continued to support it, 
even beyond the point where it became ob¬ 
vious that it was not working. 

Similarly, it is not always possible to 
plan a software development perfectly. In 
any case one must not follow even the best 
plan into failure. 


P erhaps as a by-product of the well- 
laid-plan way of thinking, the Japa¬ 
nese seem to have difficulty in han¬ 
dling exception cases, those that are not in 
the plan, and in coping with changes, 
technological or otherwise, that come up 
after the plan is set. It is nice to follow a 
good plan; you do not have to constantly 


reorganize and disrupt the work. Still, 
there are times when it is nice to be able to 
apply a fix on the fly that is outside the 
plan. 

Indeed, the best counterstrategy for 
Japan’s competitors may be to become a 
moving target. The moving target—the 
product of flexibility—is very difficult to 
follow, particularly if you are already 
following a very good plan.D 
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Special Feature 


A Visual Approach to 
Browsing in a Database 
Environment 


James A. Larson, Honeywell Computer Sciences Center 


The operations of 
structuring, filtering, 
panning, and 
zooming can be used 
to browse the 
contents of a 
database. 


A visual approach to browsing in 
a database environment is one 
way for users to access database 
contents easily and conveniently. People 
relate better to visual representations of 
the logical database than to other repre¬ 
sentations. 

Users perform four basic operations 
when browsing a database: structuring, 
choosing a structure of the objects to be 
examined; filtering, selecting instances of 
the objects to be examined; panning, ex¬ 
amining neighboring object instances; and 
zooming, determining the level of detail 
for examining object instances. My ap¬ 
proach consists of four very flexible steps 
corresponding to each of the four basic 
operations. Each step uses visual represen¬ 
tations to present information to the users. 
By manipulating these visual representa¬ 
tions, users can structure, filter, pan, and 
zoom. Users may revise decisions and 
choices made during any of the four steps. 

Most database management systems re¬ 
quire users to formulate a complex specifi¬ 
cation describing the data that they wish to 
access. In order to do this, they must be 
familiar with the logical structure of the 
database; they must know the names of 
the types of objects to be accessed and how 
these objects are related. They must also 
be able to specify which occurrences of the 
objects are to be accessed by describing the 
criteria accessed occurrences must satisfy. 


This is difficult for many users because of 
their unfamiliarity with the syntax used to 
formulate requests, or because they have 
only a vague notion of what data they 
desire to access. 

Users who have only a vague notion of 
the data to be accessed need to browse 
through the database. By browsing 
through the bookshelves of a library, it 
may be possible to locate one or more 
books of interest. By browsing through 
the pages of these books (perhaps making 
use of indices and tables of contents) 
readers may be able to locate the desired 
information that they could not previously 
characterize or describe. Database users 
have a similar need to browse through in¬ 
formation in a database. A technique is 
needed for users of database management 
systems to locate information without 
having to specify an exact description of 
the information or where it is stored in the 
database. Such a technique is useful when 
users initially have only a vague idea of 
what they desire, but feel confident that 
they will recognize the desired information 
when they see it. 

Browsing operations 

To understand the four basic browsing 
operations, consider a paradigm of a hard¬ 
ware store customer desiring to purchase 
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some lightbulbs. The floor plan of the 
hardware store is arranged so that custom¬ 
ers can locate desired merchandise by 
themselves. The customer quickly pro¬ 
ceeds to the lightbulb counter, bypassing 
other merchandise not of interest. The 
customer scans the several brands and 
styles of lightbulbs on the counter and 
closely examines individual lightbulbs as 
he or she selects the desired lightbulbs for 
purchase. This paradigm illustrates the 
four browsing operations of structuring, 
filtering, panning, and zooming. 

Structuring. Choose a structure for the 
objects to be examined. Often this is done 
by someone other than the person doing 
the browsing. For example, the hardware 
store manager would arrange the floor 
plan of the store in such a fashion that 
customers can easily browse through the 
items for sale. A few database manage¬ 
ment systems interfaces permit the user to 
structure objects to be examined. For ex¬ 
ample, GUIDE 1 permits the user to iden¬ 
tify an object type to examine from a 
schema. The user may also examine object 
types that are related to the identified ob¬ 
ject type. The user may examine object 
types that are indirectly related to the iden¬ 
tified object type via a chain of related ob¬ 
ject types. The result is a subschema that 
the user may use to formulate queries. 
Many database management systems per¬ 
mit only the database administrator to 
structure subschemas or views of the 
database. 

Filtering. Select the instances of the ob¬ 
jects to be examined. For example, if a 
customer is interested in purchasing light¬ 
bulbs, he or she will select one or more 
lightbulbs from the lightbulb counter con¬ 
taining lightbulbs of various wattages and 
brands. Some researchers 2 refer to this 
operation as probing. 

Many degrees of filtering are possible: 

No filtering. The user may not restrict 
the object instances to be displayed by 
specifying a query. SDMS 3 falls into this 
category. 

Manual query specification. Most sys¬ 
tems permit this option. 

Manual query modification. Some sys¬ 
tems save a user’s query and permit the 
user to perform surgery on the query, 
modifying it in various ways. 


Assisted query modification. System 
utilities allow the user to combine two 
queries into a single query, or to use the 
results of one query as part of the formula¬ 
tion of another query. 

A utomatic query modification based on 
user feedback. A revised query is automat¬ 
ically generated based on the user’s deter¬ 
mination of the relevance and nonrele¬ 
vance of instances displayed as a result of 
the original query. 

Retraction. This is a process of expand¬ 
ing a query to retrieve possibly relevant ob¬ 
ject instances when the original query fails 
to return any object instance. 2 

Panning. Examine the object instances 
adjacent to an object instance. In my ex¬ 
ample, the customer may examine several 
lightbulbs at the same counter. Motro 2 
calls this operation navigation. Most inter¬ 
faces to database management systems 
permit the scrolling or paging 4 of object 
instances onto a video screen permitting 
the user to pan. 

Zooming. Determine the level of detail 
for examining object instances. For exam¬ 
ple, the customer may examine the guar¬ 
antee in fine print on the lightbulb con¬ 
tainer, or may examine the lightbulb for 
flaws. Zooming permits the user to see (or 
hide) a level of detail that previously was 
(was not) visible. The user can zoom in or 
out to view object instances at the level of 
detail desired. SDMS, 3 VIEW, 5 PDB, 6 
LID, 7 and the interactive language of Lo- 
chovsky and Tsichritzis 8 all permit zoom¬ 
ing. However, the above systems place dif¬ 
ferent restrictions on the number of levels 
of detail the user can view. For example, 
PDB and LID permit the user to view at 
most two levels at a time; the Lochovsky 
and Tsichritzis’s language permits the user 
to view three levels, while SDMS and 
VIEW permit the user to view an arbitrary 
number of levels. 

The MPS 9 is a system that could be 
used as an interface to a wide variety of 
computerized systems, including a data¬ 
base management system. MPS includes 
components that support these four op¬ 
erations. The MPS “presentation surface 
builder” is used for structuring and filter¬ 
ing a two-dimensional presentation sur¬ 
face containing the representation of in¬ 
stances of objects to be examined. The 


“presentation surface effector” is used for 
panning and zooming much like SDMS. 3 

A visual approach to 
browsing 

Users often have difficulty visualizing 
the logical structure of a database. One 
reason is that databases often have many 
instances of entities that may be related in 
many ways. A visual approach to brows¬ 
ing is desirable because many people tend 
to relate better to visual representations. 
In addition, users can understand entity 
relationships quickly and manipulate 
them easily. 

To simplify the browsing of a data¬ 
base, a schema graph is used. A schema 
graph illustrates the logical structure of a 
database and hides the differences in syn¬ 
tax and data models of various database 
management systems. A schema graph, 
S= (V, E) is a graph consisting of V, the 
set of vertices that represent entity types in 
the database, and E, the set of edges that 
represent relationships between entity 
types. In a CODASYL network database, 
V represents CODASYL record types and 
E represents CODASYL set types. In a 
relational database, V represents the set of 
tables and E represents relationships be¬ 
tween tables as identified by common key 
column(s) of one table and the foreign key 
column(s) of another table. 

In my approach to browsing, the user 
first chooses a portion of the schema that 
contains entity types in which the user has 
interest. The user then specifies restric¬ 
tions to the instances of these entity types 
and finally examines the entity instances 
selected from the database. My approach 
to database browsing can be summarized 
by the following four steps, which corre¬ 
spond to the browsing operations outlined 
above. 

Step 1. Structurin''. Choose a subgraph 
of the schema graph r .at specifies a hierar¬ 
chy of entity types in V. This subgraph 
defines a forest of trees, each tree con¬ 
sisting of several related entity instances 
from the database. 

Step 2. Filtering. Thin the forest of trees 
defined by the subgraph. A query lan¬ 
guage is used to specify the desired tree in¬ 
stances from the database to be examined 
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Figure 1. Graphical representation of schema. 


in detail. The query language is a visual in¬ 
terface similar to Query-by- Example. 10 

Step 3. Panning. Display the selected 
entities in the trees of the thinned forest. 
The user views each tree as a series of 
nested documents on a video screen. Each 
document displays the attribute values of 
an entity instance from the database. The 
user may page and scroll through the 
documents. 

Step 4. Zooming. Choose the entity 
types whose instances are to be displayed. 
The user may elect to display only the 
roots of the trees, only the leaves of the 
trees, only the entities at a specific level in 
the trees, or a combination of these. 

Each of these steps makes use of visual 
representations to present information to 
the user. The user chooses options and 
specifies parameters by manipulating 
these visual representations. To better 


understand these steps I will describe the 
mechanisms that allow them to work. 

Step 1: Structuring. In a graphical 
representation of a schema graph (Figure 
1) based on Chen’s Entity-Relationship 
data model, 11 rectangles represent entity 
types, diamonds represent relationships 
between entity types, and ovals represent 
attributes of entity types and relation¬ 
ships. The cardinalities of a relationship 
are indicated by numbers at the points of 
the diamond representing the relationship. 

A form template (Figure 2) describes a 
hierarchical subgraph of the schema graph 
of Figure 1. The user chooses a subtree 
represented by a form template by follow¬ 
ing the six steps described later in this 
section. 

A form template is a two-dimensional 
layout of one or more entity types. Each 
entity type is represented as a window on 
the screen. The nesting of windows cor¬ 


responds to the hierarchical relationship 
of the entity types. When displayed on a 
video screen, a database entity is displayed 
in each window. Each window also con¬ 
tains “background” information that in¬ 
cludes the window name and the names of 
attributes of the corresponding entity 
type. In Figure 2, the background infor¬ 
mation is that which is not underlined. 
Each window also contains example val¬ 
ues. Example values are underlined in Fig¬ 
ure 2. Attribute values from an entity in¬ 
stance replace these example values when 
entity instances are displayed. (Because at¬ 
tribute values are not underlined, they are 
not confused with example values.) 

A visual interface 12 can guide the user 
through five steps to generate a form 
template that describes a subgraph of a 
schema graph. 

Step la. A schema graph is automatical¬ 
ly generated on the screen from informa- 
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tion in a data dictionary. To generate this 
graph, the system reads adjacency infor¬ 
mation about entity types, relationships, 
and attributes that reside in the database 
and automatically derives the layout of the 
associated schema graph. This step re¬ 
lieves the user of the burden of remember¬ 
ing the exact contents and structure of the 
schema. 13,14 

Step lb. The user examines the schema 
graph to view the structure of the data¬ 
base. 

Step lc. The user now trims off irrele¬ 
vant entity types from the schema graph. 
The system supports two modes for doing 
this. The user can either specify the rele¬ 
vant entity types or specify the irrelevant 
entity types. When all relevant or irrele¬ 
vant entity types have been identified, the 
system erases irrelevant entity types from 
the displayed graph. When the user has 
completed this stage, the displayed graph 
contains only entity types, relationships, 
and attributes that are to appear on the 
form template. 

Step Id. The schema graph must now 
be converted from a graph structure to a 
tree-structured, form-template view of the 
database. To aid in the conversion, the 
user identifies an entity type of primary in¬ 
terest. The designated entity type will 
become the root entity of the tree structure 
and will correspond to the top-level or 
outermost window in the form template. 

Step le. The system automatically 
translates the schema graph into a nested 
form template. There are two stages neces¬ 
sary for this translation. The first stage 13 
converts the schema graph into a tree of 
entity types. The second stage converts the 
entity tree into a form template. To con¬ 
vert the schema graph into a tree, the at¬ 
tributes of relationship type are migrated 


from the relationship downward (from the 
root) to the entity type below the relation¬ 
ship in the tree, and all relationship nodes 
are eliminated. In the hierarchical view, 
M:N and 1:N relationship types are 
viewed as 1 :N, while N: 1 and 1:1 relation¬ 
ship types are viewed as 1:1. Any two en¬ 
tity types in the hierarchical view with a 
1:1 relationship type between them are 
merged to form a single entity type with 
the attributes of both entity types. 

The tree is then automatically converted 
into a nested form template as follows: 

1. The root of the tree becomes the top- 
level or outermost window of the nested 
form template. 

2. The nesting structure of the form 
template windows is made to correspond 
to the tree of entity types. 

3. Attribute names are positioned in the 
window corresponding to the appropriate 
entity type. Each attribute name appears 
on a separate line as background text. 

4. An example value is a value from the 
domain of an attribute. It is displayed in 
the window as an example of a valid value 
for that attribute. An example value for 
each attribute is selected from a default list 

" of example values for the attribute. Exam¬ 
ple values are placed on the same line as 
and to the right of the attribute name. 

5. A name corresponding to the entity 
type name is placed as background text at 
the top of each window in the nested form 
template. 

6. Appropriate information is stored in 
the data dictionary. This includes infor¬ 
mation about entities that were merged 
during the hierarchical conversion. This 
information is used when translating 
queries formulated using the form tem¬ 
plate into equivalent queries suitable for 
processing by the underlying database 
management system. 

Users may manually change the layout 
of a window by repositioning the attribute 


Number: 5121 
Name: Data Structures 


Number: a 
Year: 1982 
Quarter: £al! 


SSN: 578-64-6244 
Name: Tom Smith 
Class: Grad 
Grade: E 


Figure 2. Form template. 

names, example values, or entity type 
name within the window. Users may mod¬ 
ify background information (attribute 
names and entity type name). The result¬ 
ing form template describes a forest of 
trees embedded in the database graph. The 
form template may be used to thin this 
forest of trees. 

An example. As an example, suppose 
the graph schema of Figure 1 is displayed 
on the screen. Suppose that the user wants 
a nested form template consisting of entity 
types COURSE, STUDENT, and SEC¬ 
TION. The user points to those three enti¬ 
ty types and their relationships, S-S, C-S, 
on the screen. The system then erases the 
remaining entity types and relationships 
from the screen. The resulting subgraph is 
illustrated in Figure 3. 



Figure 3. Schema subgraph. 
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Figure 4. Schema hierarchy. 


Now the user must choose a root entity 
type. Several choices can be made. Cri¬ 
teria 13 for choosing a root entity type in¬ 
clude: 

1. The entity type with the most at¬ 
tributes upon which conditions will be 
specified by users. 

2. The entity type with the most attri¬ 
butes to be displayed in the nested form 
template. 

3. The entity type that seems most 
natural for the types of information to 
be accessed. For example, if the user is 
most likely to browse between instances 
of STUDENT and only occasionally exa¬ 
mine instances of SECTION or 
COURSE, then STUDENT should be se¬ 
lected as the root. On the other hand, if 
the user is more likely to browse between 
instances of COURSE, then COURSE 
should be selected as the root entity type. 

Suppose the user chooses COURSE as 
the root. Relationship attributes are 
migrated to the entity types at the lower 
end (toward the leaves of the tree) of the 
relationship in the hierarchy. Thus, the 
Grade attribute is migrated from the S-S 
relationship to the STUDENT entity type, 
and gives the grade value of each student 
who took that section of a course. The 
subgraph of Figure 3 is converted into the 
hierarchy of Figure 4 and the correspond¬ 
ing form template of Figure 2. 

Note that it is still possible to have a 
hierarchy even if the graph selected in 



step 4 has a cycle. In this case, two leaf en¬ 
tity sets are different. For example, if the 
user chooses DEPARTMENT, D-C, 
COURSE, C-S, SECTION, S-S, and 
STUDENT, S-D, then the user sees the 
hierarchy as shown in Figure 5. Here, the 
STUDENT related to DEPARTMENT 
directly shows the students who major in 
that department. The STUDENT related 
to COURSE shows students who com¬ 
pleted some section of some course of¬ 
fered by the department. 

Step 2: Filtering. The user thins the 
forest of trees to be viewed by specifying a 
pattern. 15 A pattern is a form template 
with zero, one, or more conditions. Figure 
6 illustrates a pattern consisting of two 
conditions: (1) the attribute value for 
COURSE Name must be ‘Databases’ and 
(2) the attribute value for COURSE 
Number must be less than 5000. An in¬ 
stance of an entity must satisfy all condi¬ 
tions in the window if it is to be displayed 
to the user. 

Patterns may be combined to form 
more complex patterns. The user may 
build a complex pattern by using pattern 
construction operators. Figure 7 illustrates 
several complex patterns that have been 
constructed using the pattern construction 
operators shown in Table 1. These pattern 
construction operations can be applied 
recursively to build patterns of arbitrary 
complexity. 


COURSE 

Number:<5000 
Name: Databases 


Figure 6. Example pattern. 


Step 3: Panning. The user views the en¬ 
tity instances of each tree of the thinned 
forest as a series of nested documents. The 
entity instances of a tree are displayed in 
order sequence as a nested document (Fig¬ 
ure 8). The user may page forward and 
backward between documents. By choos¬ 
ing a paging increment, the user may jump 
forward or backward a specified number 
of documents. The user may also display 
the first or last document and scroll within 
documents. 

Step 4: Zooming. Each node of the tree 
constructed in Step 1 corresponds to a 
window in the form template that may be 
either open or closed. An open window 
displays all the attribute values of an entity 
instance. A closed window displays only 
the name of the entity instance. Users may 
open or close any window, depending 
upon if they wish the attribute values of 
entity instances of that entity type to be 
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COURSE 


Number: 5133 
Name: Compilers 

[sTction I 


a. Window for COURSE open 


COURSE 
Number: 5133 
Name: Compilers 


SECTION 

Number: 1 
Year: 1984 
Quarter: Fall 

[student | 


SECTION 

Number:2 
Year:1984 
Quarter: Fall 

ISTUDENT | 


b. Windows for COURSE and 
SECTION open 


Figure 9. Opening and closing windows. 


visible when the selected entities are 
displayed. Opening and closing windows 
allow the user to control the level of detail 
in which the results are viewed. Figure 9a 
illustrates the Figure 2 form template with 
the windows for SECTION closed. Figure 
9b illustrates the result of opening the 
SECTION. 


Revising choices 

A user may revise decisions and choices 
made during any of the four steps allowing 
for a great deal of flexibility. The user may 
always go back to step 1 and choose a new 
tree structure. The user may return to step 
4 at any time to open (or close) any closed 
(or opened) windows. This changes the en¬ 
tity types that may be viewed. Within step 
3, the user may view any of the selected en¬ 
tity instances by paging and scrolling be¬ 
tween instances of entities. The remainder 
of this section discusses how the user can 


revise the pattern formulated in step 2 to 
thin the forest. 

To change the way the forest of trees is 
thinned, the user may return to step 2. This 
capability is important because it en¬ 
courages the user to thin the forest in an 
experimental fashion. In this way, the user 
does not have to worry about formulating 
a pattern correctly the very first time; a 
pattern that has been used to specify which 
entity instances can be viewed remains 
available for further modifications; and, 
the user does not have to rebuild the pat¬ 
tern from scratch each time it is modified. 

The user might not correctly build the 
pattern in the first attempt for reasons in¬ 
cluding the following: 

• The user is unclear about which entity 
instances to display. 

• Particular entity instances may moti- i 
vate the user to modify the initial pattern. 

• The pattern may be too complex to 
formulate in one attempt. 

• The user wants to view intermediate 
results. 


Some existing approaches to browsing using graphics 


FORAL LP, 1 Query By Example, 2 
CUPID, 3 and GOING 4 are examples of 
pictorial graphical interfaces for data¬ 
base management systems. With these 
systems the user formulates a request 
using the pictorial interface, and then 
scrolls through the results. As with 
keyword-oriented query languages, the 
user can browse through only the re¬ 
sults. The user must formulate a new re¬ 
quest if the original request does not 
produce the desired results. Several ef¬ 
forts at providing more natural ap¬ 
proaches to browsing through a data¬ 
base make use of graphics. 

Lochovsky and Tsichritzis’s interactive 
query language. 5 This language is 
designed for accessing several data¬ 
bases using a videotex system. The user 
sees a video screen divided into three 
basic windows. One window specifies 
the path taken by the user to arrive at the 
collection of named information that can 
be examined. A second window of the 
screen is used for system feedback to 
the user. Finally, the third window is 
used for the specification and display of 
data. This window may display a menu 
consisting of two columns of named in¬ 
formation. When the user selects a name 


in the left-hand column, that name is ap¬ 
pended to the path name and a new 
menu is displayed showing some of the 
names previously in the right-hand col¬ 
umn as names in the left-hand column. 
New names appear in the right-hand col¬ 
umn. The user can thus browse as he or 
she specifies the path to the desired in¬ 
formation. The third window of the 
screen may also display a template into 
which the user may directly enter names 
rather than select them from the menu. 
Thus users familiar with the structure of 
the databases may enter path informa¬ 
tion directly. The third window of the 
screen may also display a template into 
which users may enter one or more val¬ 
ues to select specific pieces of informa¬ 
tion, to be displayed. However, the selec¬ 
tiveness of this facility is not as great as 
other query languages. 

PDB, or Personal Data Base. 6 This 
displays the values of a single entity in¬ 
stance on the screen. The relationships 
in which the entity instance takes part is 
also displayed as a menu. The user 
selects one of these relationships and 
the system displays the values of the 
corresponding entity instance and a new 
menu. The user can thus navigate from 


entity instance to instance of different 
entity types in any desired order. LID, or 
Living In a Database, 7 is similar to PDB; 
however, LID uses a bit-mapped graphics 
terminal to display the attributes of an 
entity instance and entities that are 
related to it. To locate a specific entity 
instance, the user may either scroll 
through instances of the entity type or 
use a search function by filling values in 
a template. A graph structure is dis¬ 
played that shows other entity instances 
that are related to the current entity in¬ 
stance. When the user moves the cursor 
to a related entity instance, the attributes 
of the related entity instance are dis¬ 
played and a new relationship graph is 
drawn. 

GUIDE, or Graphical User Interface for 
Database Exploration. 8 This displays a 
database schema in graphical form as 
relationship types. Queries can be ex¬ 
pressed as traversal paths on this net¬ 
work. Partial queries can be formulated 
and represented graphically. Database re¬ 
trieval results of any local query are avail¬ 
able at any time. Partial queries can be 
linked together to form more complex 
queries and provide the bases for build¬ 
ing queries in a piecemeal fashion. Parts 































• The user makes a mistake when con¬ 
structing the original pattern. 

• Three approaches for pattern modifi¬ 
cation are explicit pattern modification, 
relevance feedback, and approximate 
matching. 

Explicit pattern modification. The user 
can modify a pattern by explicitly modify¬ 
ing the conditions in any simple pattern, 
by creating or deleting patterns, and by 
changing the pattern construction opera¬ 
tors of a complex pattern. The user may 
also move one or more entity instances 
into a pattern and use the pattern opera¬ 
tors to combine the entity instances as pat¬ 
terns into more complex patterns. 16 This 
is especially useful because a particular 
database tree may motivate the user to 
modify the original pattern. 

Relevance feedback. This is a technique 
for reformulating a pattern based on the 
initial retrieval. The aim is to use the re¬ 
vised pattern for a second retrieval that im¬ 


of the schema can be selectively made 
visible or invisible; this provides the 
basis of representing multiple levels of 
details of the schema. 

SDMS, or Spatial Data Management 
System. 9 This is a human-machine inter¬ 
face that uses computer graphics to aid 
a user in interrogating a database. Ob¬ 
jects in the system are represented 
graphically as icons positioned in a 
spatial framework consisting of a set of 
flat surfaces that can be viewed using a 
set of color, raster-scan displays. The 
user can create and examine data sur¬ 
faces larger than the display screen, 
zooming in and out to control the level of 
detail displayed. The system allows the 
user to browse through a wide range of 
data by using a joystick. VIEW 10 extends 
the SDMS technique by enabling a varie¬ 
ty of presentations of the data to be gen¬ 
erated, without the need for painstaking¬ 
ly explicit instructions from the database 
administrator. Changes in the presenta¬ 
tion of data include rearranging, adding, 
and deleting entities on the display; add¬ 
ing or deleting displayed attributes of en¬ 
tities; and altering the means of presen¬ 
tation of an entity or attribute. A further 
extension, MPS, or Multipurpose Presen¬ 


proves on the first. While explicit pattern 
modification permits the user to ‘ ‘perform 
surgery” directly on the pattern, relevance 
feedback performs this surgery automati¬ 
cally as follows: 

1. The user formulates the initial (seed) 
pattern that is applied to the database. 

2. The user examines some of the se¬ 
lected trees and determines if they are rele¬ 
vant or not relevant for his or her needs. 
Based on these relevance decisions, the 
original pattern is replaced by the conjunc¬ 
tion of two patterns: the first describes the 
relevant documents and the second is the 
NOT of the pattern describing the nonrel- 
evant trees. The revised pattern is applied 
to the remaining unexamined trees. This 
step is repeated until the user either ex¬ 
amines all of the trees or determines that a 
sufficient number of relevant trees are ex¬ 
amined for his or her needs. 

Approximate matching. It may be desir¬ 
able to access a database tree that “almost 
matches” a pattern (or a document being 


tation System, 11 combines database, 
graphics, and Al technologies. Both the 
user and the application system may 
operate on the data, describe image lay¬ 
outs, manipulate viewing windows, and 
build display images. 
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tern containing “ALL’ed” subpatterns, a 
tree satisfying all but one of the subpat¬ 
terns would be just the same as a tree satis¬ 
fying none of the subpatterns. 

It is possible to retrieve trees by relaxing 
the strict interpretation of the Boolean 
operators. One approach is to replace the 
ALL and ANY operators by a more gen¬ 
eral operator that requires an entity oc¬ 
currence to satisfy a certain percentage (or 
a minimum number) of subpatterns. I 
have not pursued this approach because I 
feel it would be difficult for users to apply 
such a general operator. Unlike the next 
approach, this approach cannot rank the 
selected documents by the expected degree 
of relevance to the user’s request. 

Another approach to selecting trees that 
are “close” but don’t quite match a pat¬ 
tern is to use a metric that has been 
specified for calculating the distance be¬ 
tween a pattern and a tree. Using this 
metric, trees that are “close” to a pattern 
can be ranked according to their closeness 
to the pattern and presented to the user. 
Using relevant feedback, the initial query 
can be made more general. This has an ef¬ 
fect similar to automatic retraction. 2 


Future work 

Future work includes conceptual ex¬ 
tension of the four browsing operations 
to support an interface to expert systems, 
application libraries, and graphical infor¬ 
mation. 

Expert system interface. The browsing 
system is an easy-to-use interface to a 
database management system. A similar 
interface can also be used to access the 
capabilities of an expert system. Briefly, 


the schema graph would represent the ca¬ 
pabilities of the expert system. Structuring 
corresponds to organizing the display of 
capabilities and selecting the desired func¬ 
tions. Filtering consists of specifying pa¬ 
rameters values required to perform the 
selected functions. Panning corresponds 
to examining the results of similar prob¬ 
lems. Zooming displays clarification 
about how the expert system derived the 
result. 

Application library interface. Form 
templates can also be used to application 
software in a library. By filling in the input 
parameters for a form template, the user 
invokes the corresponding application 
program. Results of executing the applica¬ 
tion are displayed as output parameters on 
the same form template and may also be 
automatically entered as input parameters 
on other form templates. Browsing 
through form templates would be equiva¬ 
lent to viewing the results of automatically 
invoked applications, each application 
using information entered by the user or 
derived by previously invoked appli¬ 
cations. 

Graphical information. The current im¬ 
plementation of the browsing system will 
permit only alphanumeric text to be dis¬ 
played on the screen. Techniques to sup¬ 
port the following functions are needed to 
fully integrate graphics into a browsing 
system: create, modify, and save graphical 
images as part of the background informa¬ 
tion of a form template; store and access 
graphical images within a database and 
display and modify those images within a 
form template; translate information rep¬ 
resented alphanumerically in the database 
into graphical images and icons for display 
within form templates; and modify the 
database information when the user 
manipulates the corresponding graphical 
image in the form template. 


W e have seen that browsing in a 
database environment consists 
of the four basic operations of 
structuring, filtering, panning, and zoom¬ 
ing. An interactive, visual interface to 
database management systems that sup¬ 
ports these four operations has been 
designed and is being implemented. In my 
approach, it is always possible to revise 
choices made in earlier operations. Future 


work includes extending the interface to 
support expert systems, application librar¬ 
ies, and graphical data. An experimental 
evaluation is needed to analyze the 
strengths and weaknesses of this approach 
to browsing. 

New technology such as video text that 
allows individuals to access databases 
from their television sets at home can 
make many databases available to every¬ 
one. A visual approach to browsing will be 
needed by individuals with little training in 
traditional command languages so that 
they can quickly and easily access desired 
information. 

Information that cannot be accessed by 
a user is useless. Browsing is a natural way 
for people to access information in a data¬ 
base. Laboratory systems incorporating 
the four main features of browsing (struc¬ 
turing, filtering, panning, and zooming) 
already exist. These features will find their 
way into existing and new database man¬ 
agement systems, making accessing data 
easier for a wider range of database man¬ 
agement system users.□ 
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THE WORKSTATION 


The Interpress page and document description language 

by Abhay Bhushan and Michael Plass 
Xerox Corporation 


Potential users of computer-aided 
documentation systems almost inevitably 
face the problem of taking a document 
created on any of a diverse set of tools 
(workstations, mainframes, word proces¬ 
sors, and scanners, etc.) and printing it 
on any of a broad range of sharable 
printing devices (from low-speed desk 
top printers and low-resolution proof 
printers to high-speed document produc¬ 
tion systems and high-resolution photo¬ 
typesetters). More often than not, output 
devices each require different formats to 
characterize a document’s design, mak¬ 
ing it virtually impossible to achieve any 
consistency of appearance between ver¬ 
sions of the document printed on dif¬ 
ferent devices. They may also require 
unique interfaces with device-dependent 
control codes, protocols, and configura¬ 
tion requirements. Such demands effec¬ 
tively prevent the user from exploiting 
the full capabilities of advanced printing 
technology. The Interpress page descrip¬ 
tion language addresses this problem 
with a device-independent interface and 
a format description methodology that 
make it possible to efficiently employ a 
full array of output resources in a man¬ 
ner that is transparent to the user. 

Toward device 
independence 

Computer-driven raster printers are in¬ 
herently expressive devices, capable of 
printing any imaginable combination of 
text, graphics, and pictures simply by ar¬ 
ranging the appropriate pattern of black 
(or colored) dots. Unlike character- or 
line-oriented devices, the range of images 
they can print is limited more by the ex¬ 
pressive power of the interface with the 
document creation tool than by their 
own capabilities. 


Because raster printers are driven by 
computer software and do not use 
device-specific control codes, it is possi¬ 
ble to have a universal interface or inter¬ 
change standard in which any document 
may be represented, and that can drive 
any raster printer, independent of its 
resolution (expressed in dots per inch) 
and other device characteristics. Inter¬ 
press is designed as such a device¬ 
independent standard. Since Interpress is 
so conceptually different from conven¬ 
tional printer interfaces, it is generally 
referred to as a page and document 
description language. The Interpress 
printing architecture is a software ar¬ 
chitecture that represents a unified docu¬ 
ment description scheme for printing in 
diverse system environments, including 
stand-alone computers, data processing 
centers, publishing and office work 
groups, and large, interconnected net¬ 
works. 

When work first began on Interpress 
over a decade ago at Xerox Palo Alto 
Research Center, the original goal was to 
design a system that permitted the same 
format to be used for editable (revisable 
form) as well as printable (final form) 
documents; however, this goal was soon 
seen as impractical and was discarded in 
favor of separate interchange schemes 
for revisable and final form documents. 
Interpress emerged as a language for 
final form document representation. The 
language definition was made publicly 
available in 1984 (an earlier version of 
the current Interpress 3.0), and Xerox is 
committed to keeping it an open system. 


The Interpress approach 

In one possible document description 
scheme, the document creation device 
would send to the raster printer a fac¬ 


simile picture of the intended output, 
presented directly in that printer’s raster 
format. Such a scheme, though concep¬ 
tually simple, has many disadvantages. 
First, raster data, which amounts to a 
map of every point that the printer must 
address (a bitmap), takes up an enor¬ 
mous amount of storage space (millions 
of bits per page, even when compressed). 
This increases not only storage costs but 
also transmission time and costs. Fur¬ 
ther, if the page contains text, the com¬ 
puter program generating it must have 
access to the raster image of all of the 
fonts for all printers that might be used; 
such a requirement is quite impractical. 

It would also be difficult to transform 
the raster images—to rotate, scale, or 
move them to fit a particular space or to 
achieve a desired effect. Finally, the 
raster format is based on the resolution 
of the printing device and is therefore 
not device-independent. 

By contrast with this pictorial ap¬ 
proach, Interpress represents a page not 
as a set of points for the printer to ad¬ 
dress but as a series of instructions 
analogous to a computer program. This 
technique permits the user to print 
substantially more complex documents 
than is possible with the static format 
specifications of character printers, and 
to do so with greater efficiency than is 
possible with conventional raster data. 

Figure 1 illustrates this approach to 
representing the letter “A.” The pic¬ 
torial representation takes several thou¬ 
sand bits at typical printer resolutions, 
the geometric representation takes 
several hundred bits, and the textual 
representation requires only eight bits 
once the font has been specified. While 
Interpress permits all three approaches, 
the textual approach is preferred in most 
applications. The geometric approach of 
outline characters is useful when unique 
character sizes are desired or when the 
characters must be rotated at unusual 
angles. 

The program that drives the printing 
machine to produce the finished output 
document is called an Interpress master, 
written in the Interpress programming 
language. Although most masters consist 
only of simple statements, such as text, 
rectangles, and line segments, the full 
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Figure 1. Three ways to print the letter A. (All 
figures in this article were produced on a laser 
typesetter at 1200 dots-per-inch resolution.) 


Figure 2. The structure of an Interpress 
printer. 



power of the programming language is 
available for complex applications. Pro¬ 
gramming is useful if the master is to 
adapt to the various properties of the 
printing device (such as page size, order 
of page printing, color or black and 
white, etc.) and to change Interpress 
masters in complex ways. 

Though a key task, describing pages is 
not enough. What is communicated to 
the printer usually is a document, which 
is a collection of one or more pages pro¬ 
duced in a specific order and intended to 
have a specific relationship with one 
another in the document’s final form. A 
document description language therefore 
must be able to specify how pages are 
put together. The Interpress design in¬ 
cludes a set of printing instructions that 
enables the user to control the printing 
of documents—to invoke two-sided 
printing, for example, or a special 
finishing such as stapling. Printing in¬ 
structions also provide information 
necessary for multi-user environments 
(the document’s name, author, etc.) and 
enable the declaration of resources re¬ 
quired for the the document to be 
printed (e.g., additional files, fonts, and 
font sizes). 


The Interpress language 

Like all programming languages, In¬ 
terpress has both syntax and semantics. 
The semantics of the language define 


how the various operators behave when 
they are executed by the printer; the syn¬ 
tax of the language defines how the calls 
to those operators are coded in a master. 
Since Interpress masters are intended to 
be created and interpreted by software 
and not by people, the language syntax 
was designed to make it easy for com¬ 
puters to produce and interpret, without 
concern for human readability. As such. 
Interpress commands are normally en¬ 
coded in a binary format designed for 
compactness and decoding ease. For 
debugging purposes, utility programs 
translate the binary encoding to and 
from a human-readable text representa¬ 
tion; this “written encoding” is used in 
the examples in this article. 

The software within a printer inter¬ 
prets (executes) an Interpress master to 
print a document. During that execution, 
the printed document is built up one 
page at a time. When a page of a master 
is printed, an interpreter “executes” the 
code that constitutes the page descrip¬ 
tion, much as a machine executes a pro¬ 
gram. The state of this virtual machine 
includes a set of 50 “registers” called the 
frame, a (potentially large) stack, and a 
set of special imaging variables. This 
computational environment is shown in 
Figure 2. 

The elements stored in the frame and 
stack are Interpress values, which may be 
of type number (integer or real), iden¬ 
tifier (similar to atoms in other lan¬ 
guages), vector (a packaged sequence of 
values), body (a packaged piece of Inter¬ 


press code), or operator (an Interpress 
program that can be executed). Charac¬ 
ter codes are represented by integers, and 
character strings by vectors of integers; 
there are compact encodings available 
for this kind of vector to keep the master 
compact. Additionally, there are special 
types that are constructed and used only 
by imaging operators, such as color, 
transformation, pixelArray, font, trajec¬ 
tory, and outline. 

Interpress uses a postfix execution 
model: the occurrence of a literal in the 
instruction stream simply causes the cor¬ 
responding value to be pushed on the 
stack, and an operator may pop some 
number of parameters off the stack and 
push some number of results. There are 
provisions for marking the stack to en¬ 
sure that defined procedures ( composed 
operators in Interpress parlance) pop and 
push the expected number of items. 
There is also a way of saving and restor¬ 
ing some or all of the imaging variables 
around the invocation of an operator. 
Furthermore, composed operators do 
not read or modify the caller’s frame; 
they have their own frame, initialized 
when they were created and the same at 
each call. Thus the side effects of com¬ 
posed operators are well controlled. 


The imaging model 

Of course the most important side ef¬ 
fects are those that change the image on 
the page. The software maintains a page 
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Figure 3. An imaging model, show¬ 
ing the application of a mask 
operator. 


image, which is altered by the imaging 
operator as the page is built. A complex 
page is made by starting with a blank 
page image and making a sequence of 
simple changes to it. Interpress is defined 
so that the partially built page image 
cannot affect the execution of the 
master; this makes Interpress useful for 
expressing images destined for non-raster 
devices such as pen-plotters and certain 
phototypesetters. All of the changes to 
the page image are made according to 
the Interpress imaging model illustrated 
in Figure 3: a color is pushed through a 
mask onto the page image, covering up 
(or perhaps altering) what was there 
before. In Figure 3, the color (repre¬ 
sented by the parallelogram) is set with 
<0.5 SETGRAY>, and the “b” on the 
page image is printed using the filled out¬ 
line mask defining the character’s shape. 

Colors 

Interpress uses the term “color” to 
designate a concept that is more general 
than what we mean in our day-to-day 
use of the term. An Interpress color may 
be simply black or white, or a shade of 
gray, or a “real” color like red or blue, 
or a generic color like “highlight,” 
which just means something other than 
black; these are all examples of constant 
colors. Constant colors may be specified 
by means of the SETGRAY operator 
(for simple grays), or from the printer’s 
environment (by supplying a name to the 
FINDCOLOR operator), or via a color 
model , which is simply an operator that 



accepts a vector of numeric parameters 
on the stack and returns a color on the 
stack. (Color models are normally ob¬ 
tained from the environment by means 
of the operators FINDCOLORMODEL 
or FINDCOLORMODELOPERA- 
TOR.) 

The other kind of Interpress color is a 
sampled color, consisting of three parts: 
a rectangular array of pixel descriptions, 
the specification (color model) for how 
the pixels are to be interpreted, and a 
transformation to specify how the pixels 
of the sampled color are to correspond 
to the pixels of the page image. The 
sampled color conceptually tiles the 
whole page, so it may be used to produce 
textures and wallpaper-like effects, as 
well as full-color continuous-tone im¬ 
ages. The simplest kind of sampled color 
consists of a one-bit-per-pixel array, with 
1 denoting black and 0 denoting either 
white or clear; this is known as a sam¬ 
pled black. Interpress allows various 
types of compression in the encoding of 
the arrays of pixels; the ones that are 
currently defined in the system’s Raster 
Encoding Standard are expressly for the 
one-bit-per-pixel case. 


Masks 

The other half of the imaging model is 
the notion of masks. A mask is simply a 
two-dimensional shape used as a stencil 
in the application of color to the page 
image; it specifies the portion of the page 
image to be colored. A mask may be a 
rectangle, a stroke of a specified width 


along polygonal or curved trajectories, 
a dashed or dotted stroke, an area 
bounded by a set of trajectories, a bit¬ 
map (possibly compressed) at any resolu¬ 
tion, or a string of text in a particular 
font. Any of these masks may be used 
with any color. The current color is one 
of the imaging variables, as is the current 
font and the current transformation 
(more about these later); the different 
kinds of masks have different operators. 


A simple example 

To illustrate some of the basic features 
of Interpress, consider the example in 
Figure 4. This master prints two pages; 
lines 1 through 7 specify the first page 
(containing a rectangular box made up 
of four strokes) and lines 8 through 13 
specify the second (containing the text 
“Print this”). Lines 0 and 14 constitute 
the skeleton that brackets the page 
bodies (the empty brackets in line 0 are 
the preamble, which can set up the initial 
frame used for each page body; thus 
fonts, for example, must be declared 
only once rather than in each page). If 
the page brackets on lines 7 and 8 were 
eliminated, only a single page would be 
printed with “Print this” inside the rect¬ 
angular box, as shown on the right in 
Figure 4. 

The operations that actually change 
the page images occur in lines 3 through 
6 (MASKVECTOR) and line 12 
(SHOW); the other lines set up the 
necessary imager variables (strokeWidth 
for the MASKVECTOR, font and cur¬ 
rent position for SHOW). All the dimen¬ 
sions in this example are expressed in 
meters, which is the unit of the initial 
coordinate system of Interpress; the 
origin is in the lower left corner of the 
page, with x increasing to the left and y 
increasing towards the top of the page. 

Typographic printing 

Typography is the art of designing and 
placing letterforms to create a legible and 
pleasing effect. The quality of typogra¬ 
phy largely depends upon the availability 
of character sets and fonts. The Inter¬ 
press printing architecture includes the 
multilingual Xerox Character Code set 
and the Font Interchange set. Interpress 
also allows other fonts and character 
codes to be used and intermixed freely in 
a master. For example, the ASCII for¬ 
matting characters such as carriage 
return and tab are not recognized by the 
system because there is no accurate way 
to interpret what these characters should 
do. Formatting operations are achieved 
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by positioning commands such as 
SETXY. Interpress also does not gener¬ 
ate ligatures automatically. Ligatures 
must have a separate character code and 
representation (provided in the Xerox 
character code set). This reflects an im¬ 
portant principle of Interpress design: all 
decisions about presentation and format¬ 
ting should be made by the creator, not 
the printer. This principle ensures that 
documents are printed accurately and 
have uniform appearance on different 
output devices. 

Further facilities include letterform 
definitions expressed as character 
operators; positioning operators used to 
control the position of the letters; 
geometric transformations to scale, 
rotate, and translate a letterform so that 
it can appear in arbitrary size, rotation, 
and position on a page; and additional 
graphical operators to define underlines, 
strikethroughs, and the like. Positioning 
may be either absolute (with respect to 
the page) or relative (with respect to 
some other coordinate system such as a 
box within a page). To assure correct 
justification and margin alignment, the 
system provides a CORRECT operator 
for spacing adjustment. It also defines a 
flexible way to achieve kerning (altera¬ 
tion in the intercharacter spacing of pairs 
of characters) to achieve a better 
appearance. 

Fonts may be stored at the printer in 
outline or bitmap form, or they may be 
communicated as part of an Interpress 
master. The bitmap fonts generally are 
fine-tuned for the characteristics of a 
specific printer and represent high typo¬ 
graphic quality. Outline fonts represent 
greater versatility since they can be easily 
scaled and rotated to provide printing in 
any size and at any angle. 


Graphics printing 

In some sense, the term “graphics” 
applies to everything that goes on the 
page; here, though, the term applies to 
elements other than black text at normal 
sizes and orientations and the rectangles 
that normally appear with such text. 

Rectangles are very simple to specify: 
the operator MASKRECTANGLE ex¬ 
pects the four variables x, y, w, and h on 
the stack (x,y coordinates of one corner, 
the width, and the height). Single line 
segments, as we have seen, can be drawn 
by supplying the two endpoints (four 
numbers X] ,>»!, x 2 , y 2 ) to the MASK- 
VECTOR operator; Interpress allows 
control of the stroke width and the style 
of the end caps (square, butt, or 
circular). More complicated shapes are 
specified by building trajectories, which 
represent a sequence of straight or 


curved segments connected end-to-end. 

A trajectory is constructed segment-by- 
segment, using a pen-plotter analogy: the 
MOVETO operator takes the coor¬ 
dinates of a point (two numbers x 0 , y 0 ) 
and returns a single-point trajectory. The 
other trajectory-building operators all 
take a trajectory followed by the ap¬ 
propriate number of coordinates and pa¬ 
rameters, and return a new trajectory. A 
trajectory is an Interpress value and may 
be copied and saved for reuse; the most 
common pattern, though, is to construct 
it on the stack and use it right away. The 
other trajectory-building operators are: 
x i y i LINETO straight line segment from 
(x 0 ,y 0 ) to (x 2 ,y 2 ); 

x j y i x 2 > 2 r CONICTO conic segment 
—part of circle, ellipse, parabola, or 
hyperbola; 


X 1 y l x 2 S'2 ARCTO circular arc passing 
from (x 0 ,J'o) throu 8 h (*l >JT) to (x 2 ,y 2 ); 
and 

X 1 yi x 2 Y2 x 3 ?3 CURVETO parametric 
cubic curve ending at (*3 o'3). 

Once a trajectory is built, it can be sup¬ 
plied to the MASKSTROKE operator to 
draw a constant-width stroke; the master 
may specify whether the joints between 
the segments should be mitered, beveled, 
or rounded. For a dashed or dotted 
stroke, the trajectory and a dash specifi¬ 
cation is provided to the operator 
MASKDASHEDSTROKE; fancy com¬ 
binations of dashed and dotted strokes 
can be obtained by using the same trajec¬ 
tory with several different sets of dash 
specifications. MASKSTROKECLOSED 
draws a stroke with the segment closed 
by joining its two endpoints (with a line 


Interpress Master 

BEGIN { } 

{ 

0.001 15 ISET 

0.0254 0.2286 0.0254 0.254 MASKVECTOR 

0.1905 0.2286 0.1905 0.254 MASKVECTOR 

0.0254 0.2286 0.1905 0.2286 MASKVECTOR 

0.0254 0.264 0.1905 0.254 MASKVECTOR 


(strokewidlh) to 0.0C 


[xerox xcl-1-1 modern] FINDFONT 0 
0 SETFONT 

0.08128 0.23622 SETXY 
<Print this> SHOW 



sets the "current postilion" 
place "Print this" at current 
position in current font 
end of second page body 


One page image produced 
by this Interpress master 
without lines 7 and 8. 



Figure 4. A sample Interpress master. 
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segment, if necessary); this allows the 
proper joints to be made in place of the 
end caps. 

Several trajectories can be combined 
to form an outline by using the MAKE- 
OUTLINE operator; an outline repre¬ 
sents a filled geometric shape, which may 
have holes (using multiple trajectories 
that wrap in opposite directions). An 
outline can be used with the MASKFILL 
operator to fill the region with the cur¬ 
rent color. It can also be used as an argu¬ 
ment to the CLIPOUTLINE operator to 
provide a clipping region for all subse¬ 
quent masking operations (until the im- 
lager variables are restored); and a 
simpler CLIPRECTANGLE operator is 
|also available. 

The MASKPIXEL operator uses a bit¬ 
map as a mask, represented in the same 
form as the MAKESAMPLEDBLACK 
operator. Optionally, it can be in a com¬ 
pressed format. 

Figure 5 shows an example that uses 
many of the Interpress graphics primi¬ 
tives to draw an ice cream cone. The 
written encoding of the entire master is 
shown along with comments. You may 
want to try plotting the positions of the 
vertices and control points on a piece of 
graph paper to get a better feel of how 
they work. 

One of the more useful capabilities of 
Interpress is the set of geometric trans- 
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formations that are at the heart of the 
imaging operations. Interpress has a set 
of operators for building primitive 
transformations (SCALE, ROTATE, 
TRANSLATE) and two operators for 
combining transformations (CONCAT, 
CONCATT). Mathematically, the trans¬ 
formations can be represented as 3 x 3 
matrices. Transformations can be ap¬ 
plied to any graphic image, including line 
drawings, scanned images, and character 
shapes. The transformation capabilities 
are also useful in publishing applications 
such as two-sided printing of bound doc¬ 
uments and creation of N-up printing 
signatures. 

Figure 6 shows the use of geometric 
transformation to create a spiral. 

Page independence 

One key attribute of the Interpress 
document structure is its page indepen¬ 
dence. Page independence or page isola¬ 
tion means that the language description 
of each page is totally independent of 
that of any other page. With page in¬ 
dependence, documents can be decom¬ 
posed and printed in arbitrary page 
order. (Many printers find it desirable to 
print last page first. Two-sided printing 
may require unusual page printing se¬ 


quences.) Page independence also en¬ 
ables users to build utility routines for 
the purpose of creating a new Interpress 
master from pieces of existing masters, 
or for creating two-up, head-to-toe, or 
signature masters used in publishing 
environments. 


Open system architecture 

Interpress has evolved from many 
years of use in a distributed network en¬ 
vironment. The Interpress architecture, 
with its functional richness in describing 
pages and documents and its device-inde¬ 
pendent capability, represents an effec¬ 
tive solution to the problem of printing a 
wide variety of documents in diverse 
printing environments with a common 
standard interface. Interpress has proven 
to be gracefully extensible to new print¬ 
ing technologies, new applications, and 
other new requirements as they emerged, 
allowing existing masters to be used 
without modification. 

Xerox has chosen to make the Inter¬ 
press printing architecture a completely 
open system. Interpress and related sys¬ 
tems have been made publicly available, 
free of any royalty or licensing fees. 


Abhay Bhushan is the manager of System In¬ 
tegration Standards for Xerox Corporation, 
where he has worked since 1974. Prior to 
joining Xerox he worked as a member of the 
research staff at MIT’s Project MAC on the 
ARPANET project, and chaired the group 
developing file transfer and mail protocols. 

Bhushan received his BSEE from the In¬ 
dian Institute of Technology in Kanpur in 
1965, an MSEE from the Massachusetts In¬ 
stitute of Technology in 1967, and a master’s 
degree in management from the MIT Sloan 
School in 1971. 


Michael Plass earned his bachelor’s and 
master’s degrees from Northern Illinois 
University, and his PhD in computer science 
in 1981 from Stanford University. Since 1981 
he has worked at the Xerox Palo Alto Re¬ 
search Center. His research interests include 
computer graphics and composition, as well 
as algorithms and data structures. 


Readers may write to the authors at Xerox 
Corporation, 3333 Coyote Hill Road, Palo 
Alto, CA 94304. 


COMPUTER SCIENTISTS 


The Office of Naval Research is seeking two highly 
qualified individuals to plan and manage programs 
of sponsored research in the computer science 
fields of software engineering and/or architectures 
and distributed computing. The research sponsored 
is conducted principally at universities and industrial 
laboratories. These are Civil Service positions at the 
GM-13, GM-14 or GM-15 ($37,599-$67,940) level, 
depending on individual qualifications. 

The responsibilities for managing the programs 
include recognizing and defining new research 
opportunities in the above areas. Operating with 
available resources, the manager receives and eval¬ 
uates proposals and selects for funding those which 
contribute to the strongest research program. The 
incumbent maintains close liaison with the ongoing 
research, monitors the results for information of 
importance to Navy interests, communicates these 
results to appropriate Navy activities, and manages 
follow-on developmental work. An inherent job satis¬ 
faction in the position is obtained through the oppor¬ 
tunity to have a creative and significant impact on the 
quality of research conducted at the national level. 


Applicants must have either (1) a Ph.D. or equivalent in 
computer science, mathematics, electrical engineer¬ 
ing, or a directly related field and at least one year of 
professional experience or (2) a minimum of three 
years of progressively responsible professional experi¬ 
ence. Demonstrated research experience is preferred. 

Interested persons should submit a resume or Stan¬ 
dard Form 171, Personal Qualifications Statement 
(available at Federal Job Information Centers or 
from the address below), to: 

OFFICE OF THE CHIEF OF NAVAL RESEARCH 

Civilian Personnel Division, Code 01242P 
ATTN: Announcement #86-40 (1C) 

800 North Quincy Street 
Arlington, VA 22217-5000 


Applications will be accepted through 18 July 1986 and 
must be received by that date. Applicants are requested 
to complete the appropriate supplemental forms. For 
further information and supplemental forms, please 
call (202) 696-4705. 


An Equal Opportunity Employer • U.S. Citizenship Required 







UPDATE 


Tse-yun Feng receives the Richard E. Merwin Award for Distinguished Service from 
Computer Society President Roy Russo. 


CS confers top honors at 
Compcon Spring 86 

A developer of the artificial intelli¬ 
gence language LISP and the principal 
designer of the DEC VAX architecture 
were among those receiving top awards 
from the IEEE Computer Society last 
March at Compcon Spring 86 in San 
Francisco. 

John McCarthy and David J. Wheeler 
received the Computer Pioneer medal, 
cast in honor of 19th century inventor 
Charles Babbage and awarded to out¬ 
standing individuals whose main con¬ 
tribution to the concepts and devel¬ 
opment of the computer field was made 
at least 15 years earlier. 

McCarthy, director of the Artificial 
Intelligence Laboratory at Stanford 
University, coined the term “artificial in¬ 
telligence” while working on a research 
project at Dartmouth College in 1956. 

He worked on the development of LISP 
and contributed the “reasoning pro¬ 
gram” approach to AI in a 1958 paper. 
This approach involves representing facts 
about the world and the problem a pro¬ 
gram is to solve as sentences of mathe¬ 
matical logic. The program then uses 
directed search procedures to deduce 
that a certain course of action will 
achieve the desired goal. 

McCarthy also proposed the concept 
of time-sharing in 1957 while working at 
MIT. 

Wheeler, professor of computer sci¬ 
ence at Cambridge University, was 
creator of the first wired-in assembler, 
built for the EDSAC computer. He in¬ 
vented the concept of “closed subrou¬ 
tines,” paving the way for current ideas 
in modular programming. From 1951 to 
1953 he worked at the University of Illi¬ 
nois where he laid the foundations of the 
programming systems of the ORDVAC 
and ILLIAC computers. He returned to 
Cambridge in 1953 and in 1957 designed 
the programming system for EDSAC-2, 
a microprogrammed computer. 

William D. Strecker of Digital Equip¬ 
ment Corporation received the W. 

Wallace McDowell Award for outstand¬ 
ing contributions to the computer field. 
Established through a grant from IBM, 
the award has been conferred in the past 
on industry notables such as Seymour 


Cray, C. Gordon Bell, Gene Amdahl, 
and Donald Knuth. 

Strecker joined DEC in 1972 where he 
conducted research on cache memories, 
leading to the development of the 
PDP-11/70. He served as principal 
designer of the VAX-11 architecture and 
also played a major role in the devel¬ 
opment of the high-performance com¬ 
puter interconnect and the systems 
communications architecture for VAX 
clusters. 


Tse-yun Feng received the Richard E. 
Merwin Award, the Society’s highest ser¬ 
vice honor. Named in honor of the 1981 
past president of the Computer Society, 
the award recognizes outstanding service 
to the Society, to the IEEE and other 
organizations on behalf of the Society, 
or to the computer profession. Feng is a 
past president of Computer Society, the 
outgoing editor-in-chief of IEEE Trans¬ 
actions on Computers , and a former 
governor of AFIPS. 



W. Wallace McDowell Award winner William D. Strecker (left) and Computer Pioneer 
Medal winners David Wheeler (center) and John McCarthy (right) were honored at 
ceremonies held last March at Compcon Spring 86. 
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Computer Society award winners for 1985 


Technical Awards 

W. Wallace McDowell 
Award 

William D. Strecker, for his contributions 
as principal designer of the VAX 
architecture. 


Computer Pioneer Award 

John G. Kemeny, for the development of 
BASIC. 

John McCarthy, for the development of 
LISP. 

Alan Perlis, for work in computer lan¬ 
guage translation. 

Ivan Sutherland, for the development of 
Sketchpad. 

David Wheeler, for developing the first 
assembly language system with library 
subroutine capability. 

Heinz Zemanek, for building 
MAILUEFTERL, the first Austrian 
electronic computer. 

Computer Entrepreneur 
Award 

William Norris, founder and chairman 
emeritus of Control Data Corporation. 
Kenneth H. Olsen, founder and president 
of Digital Equipment Corporation. 

Eckert-Mauchly Award 

John Cocke, for contributions to high 
performance architecture through look¬ 
ahead, parallelism, and pipeline utiliza¬ 
tion, and for contributions to reduced in¬ 
struction set computer architecture 
through the exploitation of hardware- 
software trade-offs and compiler 
optimization. 

Technical Achievement 
Award 

Algirdas Avizienis, for sustained con¬ 
tributions to the area of fault tolerant 
computing. 

Service Awards 


Richard E. Merwin 
Distinguished Service Award 

Tse-yun Feng 


Distinguished Service 
Certificate 

Rolland B. Arndt, for leadership in 
membership and information, for sys¬ 
tematizing the Computer Society’s 
procedures, and for keeping its by-laws 
current. 

Taylor L. Booth, for leadership in 
originating the Computing Sciences 
Accreditation Board. 

Oscar N. Garcia, for many years of out¬ 
standing leadership in representing the 
Computer Society. 

Edward A. Parrish, Jr., for long-term con¬ 
tributions to technical activities of the 
IEEE Computer Society, to IEEE trans¬ 
national relations, and for chairing the 
first China Conference. 

Roy L. Russo, for excellence in leader¬ 
ship of conferences and tutorials; for 
conception, initiation, and outstanding 
initial editorship of IEEE Design & Test 
of Computers magazine. 

Outstanding Contribution 
Certificate 

Theodore H. Bonn, for representing the 
Computer Society to the Institute. 

Taylor L. Booth, for contributions to 
computer science and the profession 
through the generation of criteria for 
accrediting computer science programs. 
Paul L. Borrill, for innovative service to 
the Board of Governors and to the 
Computer Society. 

Fletcher J. Buckley, for excellence in 
contributions to IEEE standards. 

James T. Cain, for contributions to 
computer science and the profession 
through the generation of criteria for 
accrediting computer science programs. 
John Dalphin, for contributions to 
computer science and the profession 
through the generation of criteria for 
accrediting computer science programs. 
Dennis W. Fife, for service to Computer 
Society operations and the development 
of Compmail +. 

George I. Davida, for contributions to 
computer science and the profession 
through the generation of criteria for 
accrediting computer science programs. 
Gerald L. Engel, for contributions to com¬ 
puter science and the profession through 
the generation of criteria for accrediting 
computer science programs. 

Norman E. Gibbs, for contributions to 
computer science and the profession 
through the generation of criteria for ac¬ 
crediting computer science programs. 
David Kniefel, for contributions to com¬ 
puter science and the profession through 
the generation of criteria for accrediting 
computer science programs. 


Glen G. Langdon, Jr., for effort and 
leadership in the IEEE Computer Society 
Model Program in Computer Science and 
Engineering. 

Doris K. Lidtke, for contributions to com¬ 
puter science and the profession through 
the generation of criteria for accrediting 
computer science programs. 

Raymond E. Miller, for contributions to 
computer science and the profession 
through the generation of criteria for ac¬ 
crediting computer science programs. 
Michael C. Mulder, for contributions to 
computer science and the profession 
through the generation of criteria for ac¬ 
crediting computer science programs. 
Merlin G. Smith, for representing the 
Computer Society to the Institute. 

True Seaborn, for excellence In the devel¬ 
opment of the Society’s new magazines. 
James N. Snyder, for service to educa¬ 
tion and Computer Society publications. 
Murali Varanasi, for effort and leadership 
in the IEEE Computer Society Model 
Program in Computer Science and 
Engineering. 

Stanley Winkler, for representing the 
Computer Society to AFIPS and the Na¬ 
tional Computer Conference Board. 

Helen M. Wood, for creative excellence 
in the Society’s fiscal management. 
Michael Wozny, for outstanding leader¬ 
ship of IEEE Computer Graphics & Ap¬ 
plications magazine. 

Stephen S. Yau, for leadership of the 
award-winning Computer magazine. 

Meritorious Service 
Certificate 

Marshall D. Abrams, for outstanding 
leadership in computer services to the 
Society. 

Kenneth R. Anderson, for distinguished 
leadership in Society technical activities. 
Kenneth R. Anderson, for many years of 
continued and dedicated service to the 
Cherry Hill/International Test Conference 
and to the Test Technology TC. 

James H. Aylor, for innovative leadership 
in Computer Society Press operations. 
Victor R. Basili, for continued service in 
providing the highest quality of Com¬ 
puter Society technical conferences and 
their publications. 

John E. Bauer, for many years of con¬ 
tinued and dedicated service to the 
Cherry Hill/International Test Conference 
and to the Test Technology TC. 

Daniel Benigni, for service to the Com¬ 
puter Society’s Washington Chapter. 

P. Bruce Berra, for service to the Board 
of Governors and to the Computer Socie¬ 
ty Press. 
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J. Thomas Cain, for leadership in educa¬ 
tional activities. 

David E. Carlson, for leadership in setting 
the IEEE 802.2 standard for local area 
network logical link contror. 

Christina Champion, for the Chapter 
Activities Newsletter and membership 
promotion. 

Robert A. Donnan, for leadership in 
setting the IEEE 802.5 standard for the 
token ring local area network. 

Robert H. Douglas, for leadership in 
setting the IEEE 802.4 standard for the 
token bus local area network. 

T. Michael Elliott, for excellence in 
strategic planning and Computer Society 
operations. 

Joseph Fernandez, for many years of 
service to West Coast operations. 

Herbert Freeman, for many years of 
distinguished service to the Society. 

Sakti P. Ghosh, for many years of 
dedicated service to the Society’s educa¬ 
tional activities. 

William Habingreither, for extraordinary 
service to both the Society’s West Coast 
and East Coast offices. 

Edith Hayman, for many years of 
outstanding salesmanship of the Com¬ 
puter Society. 

Herbert Hecht, for many years of 
distinguished service to the Society’s 
publications and its Board of Governors. 
Ronald G. Hoelzeman, for leadership in 
the Society’s switch to electronic 
publishing. 

Samuel Horvitz, for many years of 
continued and dedicated service the 
Society’s technical activities and 
publications. 

Gerrie Katz, for many years of distin¬ 
guished service to Computer Society 
conferences. 

Frieda Koester, for energetic leadership 
in the Society’s press marketing and 
West Coast operations. 

Ned R. Kornfield, for leadership in the 
Society’s Technical and Professional 
Activities. 

Mercy Kowalczyk, for organization of the 
Society’s Washington office and for ser¬ 
vice to the Governing Board. 


Donald C. Loughry, for leadership in 
setting the IEEE 802.3 standard for 
CSMA/CD local area network. 

Stephen F. Lundstrom, for creative 
managerial contributions to the Society’s 
West Coast office. 

Robert J. Merkert, for long-term dedi¬ 
cated service to the Cherry Hill/Inter¬ 
national Test Conference. 

John F. Meyer, for service in the 
Technical Activities Board, the Board of 
Governors, and for leadership of the 
Elections Committee. 


C. Thomas Mitchell, for many years of 
dedicated service to the Cherry Hill/Inter¬ 
national Test Conference. 

John D. Musa, for innovative leadership 
of Computer Society publications. 

Raymon P. Oberly, for many years of 
dedicated service to the Cherry Hill/Inter¬ 
national Test Conference and to the Test 
Technology TC. 

Hillel Ofek, for exemplary service to the 
ACM/IEEE Design Automation Con¬ 
ferences and to IEEE Design and Test of 
Computers magazine. 

Patricia Paulsen, for outstanding con¬ 
tributions to the Society’s awards pro¬ 
gram and to the organization of its West 
Coast office. 

John T. Polhemus, for many years of 
dedicated service as local chairman for 
the Vail Workshop of the Computer 
Elements Committee. 

Marylin Potes, for outstanding leadership 
in launching IEEE Design & Test of Com¬ 
puters magazine and also IEEE Software. 
Ralph J. Preiss, for distinguished service 
to the IEEE Computer Society awards 
program. 

Harriett B. Rigas, for distinction in 
educational activities and for service to 
the Board of Governors. 

John Rini, for service to the Computer 
Society’s Washington Chapter, July 1979 
to June 1985. 

Peter R. Rony, for creative editorship of 
IEEE Micro. 

Susan Rosenbaum, for innovative service 
to the Computer Society. 

William Rosenbluth, for many years of 
continued and dedicated service to the 
Phoenix Workshop of the Computer 
Elements Committee. 

Azriel Rosenfeld, for many years of 
distinguished service to the Society. 

Dick B. Simmons, for creative leadership 
in the Society’s planning of joint ac¬ 
tivities with the ACM. 

Robert G. Stewart, for innovations in 
intersociety cooperation with the ACM 
and for leadership in the Society’s tech¬ 
nical and standards activities. 

James M. Syck, for establishing the 
UNOLS SAIL shipboard data communica¬ 
tions standard. 

Russell B. Theisen, for creative leader¬ 
ship in the Society’s area activities and 
membership services. 

Joseph Urban, for creative leadership in 
the Society’s new publications. 

Charles R. Vick, for innovations in the 
expansion of the Society’s tutorials and 
for leadership of its Conferences and 
Tutorials Committee. 

Herbert Weber, for creative leadership in 
the Society’s European activities and for 
service to the Board of Governors. 


Educational Activities Board 
looks at laboratories 

Because the engineering profession 
emphasizes problem solving and design, 
students must be trained in a laboratory 
environment to develop these skills. 
Rapid advances in computer engineering 
dictate the need to develop new laborato¬ 
ry courses and periodically update exist¬ 
ing facilities and courseware so that this 
training remains current. This revision 
effort is normally limited, however, by a 
lack of resources and manpower, and by 
problems in conveying to academic 
administrators the importance of labora¬ 
tories in a computer science and engi¬ 
neering curricula. Further, the rewards 
for developing engineering-related 
laboratories have been limited. 

In response to this problem, the Com¬ 
puter Society Educational Activities 
Board has created a Laboratory Task- 
force to work with the academic and 
industrial communities to make recom¬ 
mendations on needs and directions for 
laboratory courses. The primary objec¬ 
tive is to improve the quality of labora¬ 
tory education for students in electrical 
engineering and computer science pro¬ 
grams by preparing guidelines for 
computer-related laboratory courseware 
along with selected monographs for 
many of the more standard laboratory 
sequences. Materials will first be de¬ 
veloped for the following areas: intro¬ 
duction to computing, introduction to 
computer organization, digital systems, 
intermediate project design, computer 
architecture, operating systems, com¬ 
puter graphics, software engineering, 
database systems, AI and expert systems, 
system simulation, VLSI, concurrent 
processing, networking and distributed 
process control. 

The laboratory courseware and mono¬ 
graphs that result from this project will 
be published and should be available in 
December 1986. Those interested in par¬ 
ticipating in the project should contact 
one of the committee members listed 
below. 

Keith Barker (Chair) 

University of Connecticut (203) 486-2566 

A. Wayne Bennett 

Clemson University (803) 656-5901 

Norm Dillman 

Hewlett Packard, Loveland 

Mike S. P. Lucas 

Kansas State University (913) 532-5600 

Dave L. Soldan 

Oklahoma State University 

(405) 624-6553 

Gordon E. Stokes 

Brigham Young University 

(801) 378-3027 
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NEW PRODUCTS 


Editor: Demetrios Michalopoulos/California State University, Fullerton 


Connection Machine has 64,000 processors for lOOO MIPS 


Thinking Machines Corp. has an¬ 
nounced the Connection Machine sys¬ 
tem, a massively parallel computer with 
64,000 individual processors. According 
to the company, the system handles in¬ 
formation at sustained speeds in excess 
of one billion instructions per second 
(1000 MIPS). A series of software appli¬ 
cations for the system span a range of 
word, image, and number problems con¬ 
sidered too large or complex for conven¬ 
tional computers. 

Thinking Machines asserts that the 
Connection Machine system reconfigures 
itself, adapting dynamically to the struc¬ 
ture of a problem at the data level. Each 



The Connection Machine from Thinking 
Machines Corp. comes in a five-foot 
cube. 


element of a data structure is assigned to 
a separate processor. The processors run 
in parallel, treating problems in their 
entirety to achieve data-level parallelism. 
This is possible because the 64,000 
processors, each with its own memory, 
are dynamically linked through a high- 
bandwidth communications network. 

The system forms the connections 
needed in each application. According to 
the company, this results in simpler pro¬ 
gramming because problems need not be 
broken up into sections for solution. The 
company predicts that this method of 
problem solving will revolutionize com¬ 
puter vision, among others. 

Users interact with the programming 
environment of a front-end system, such 
as a VAX or Symbolics 3600 running 
standard editors, utilities, and operating 
systems. They write their own programs 
in extensions of a high level program¬ 
ming language such as C or Lisp, imple¬ 
mented as C* or *Lisp. The compiler 
and Connection Machine hardware auto¬ 
matically allocate data to the processors, 
synchronize operations, and determine 
what data is communicated from one 
processor to another. 

The Connection Machine consists of 
seven kinds of modules containing spe¬ 
cial processor chips that implement 16 
processors. The system uses 4096 of 
these chips. Each processor carries out 
its own fault diagnosis. 


The air-cooled system is contained 
within a five-foot, semi-transparent 
cube. It comes in two configurations. 

The machine with 65,636 (64K-byte) 
processors and 32M bytes of memory 
costs $3 million. The machine with 
16,384 (16K-byte) processors and 8M 
bytes of memory costs $1 million. 

Thinking Machines predicts new mar¬ 
kets for Connection Machine applica¬ 
tions. In word and language applica¬ 
tions, the system allows the use of 
artificial intelligence algorithms in solv¬ 
ing problems. Among the algorithms is a 
method for searching unstructured data¬ 
bases through whole-document compar¬ 
ison. In picture and vision applications, 
the system allows image comparison al¬ 
gorithms to operate much faster than in 
conventional machines, as in computing 
contour maps from aerial photographs 
taken from slightly different angles. 

Other examples of likely applications 
include numeric and scientific applica¬ 
tions, particularly non-uniform mathe¬ 
matical models where data density 
varies, or fluid dynamics simulation and 
linear programming. 

Deliveries of the Connection Machine 
system will begin in July. For more 
information, contact James Bailey, 
Thinking Machines Corp., 245 First St., 
Cambridge, MA 02142-1214; (617) 
876-1111. 

Reader Service Number 40 


FPS T Series uses hypercube-based processors 


Floating Point Systems, Inc., has an¬ 
nounced the FPS T Series supercom¬ 
puter. According to the company, the 
T/10, the smallest T Series configura¬ 
tion, achieves a peak performance of 128 
Mflops, while the largest configuration, 
the T/40000, achieves a peak speed of 
262 Gflops. Each model in between 
reportedly doubles performance from 
the previous model. 

The T Series are parallel processors 
based on the hypercube topology, with 
configurations ranging from eight to 
16,384 processors. Each processor, or 
node, reportedly has a peak arithmetic 


speed of 16 Mflops in full precision (64 
bits) with control processing of 7.5 
MIPS. Each node has 1M byte of mem¬ 
ory and can access up to 1G byte of disk 
storage. Specifications of the systems 
result from scaling these features by the 
number of nodes. 

Additionally, each node is controlled 
by a transputer designed to execute the 
Occam programming language. FPS 
adds a library of vector mathematical 
routines. 

According to the company, each mod¬ 
ule has integral system facilities for fault 
tolerance, uploading and downloading 


programs and data, and management 
tasks independent of application pro¬ 
gram execution. Effective I/O band¬ 
width to disk storage is 7M bytes per 
second for the T/10 and 15G bytes per 
second for the T/40000. 

Prices range from $495,000 at the low 
end to over $30 million at the high end. 
For more information, contact Roy 
Webster, Floating Point Systems, Inc., 
Box 23489, Portland, OR 97223; (503) 
641-3151. 

Reader Service Number 41 
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Tl adds business system based on Unix, portable terminals 


Texas Instruments Inc. has announced 
the Business System 1000 Series, based 
on AT&T’s Unix System V. The first 
member of the series, the Business 
System 1500, includes multiple 32-bit 



The TravelMate Series from Texas In¬ 
struments features an LCD, built-in print¬ 
er, color-coded keyboard, and modem. 


processors and 4G bytes of memory ad¬ 
dress space. A Cobol System V program¬ 
ming language provides a compatible 
Cobol environment between the Business 
System 1500 and TI’s Xenix-based 
Business-Pro computer. 

The system has a seven-slot chassis 
and a system bus that permits multiple 
processors. Each processor board con¬ 
tains a 32-bit 68020 microprocessor. 
Separate intelligent processors manage 
mass storage and peripheral input and 
output. The multiple processors plug 
directly into a 32-bit NuBus system bus. 

Terminal concentrators handle up to 
16 terminals each, for a total of 128. 

The Business System 1500 supports 
TI’s Model 931 video display terminal, 
or the Model 924 VDT. Moreover, TI 
PCs and the TI Business-Pro can be used 
as terminals via terminal emulation, ac¬ 
cording to the company. 

The operating system, TI System V, is 
based on AT&T’s System V. It supports 
Cobol, Pascal, C, and 68000 assembly 
language. The Cobol development en¬ 
vironment includes a Cobol compiler, a 
source-level Cobol debugger, run-time 
environments, a forms, designer, and a 
sort/merge package. 


32-bit supermicro based on VMEbus 


Dual Systems Corp. has announced 
Chaparral, a 32-bit supermicrocomputer 
based on VMEbus architecture and built 
on the 16-MHz MC68020 microproces¬ 
sor. The system supports Dual’s version 
of Unix, which combines elements of 
System V and Berkeley 4.3, and the pro¬ 
gramming languages Pascal, Fortran-77, 
Cobol, Basic, and Lisp. It includes 
AT&T’s System V C compiler, program 
generators, debuggers, and other 
utilities. 

Each VMPU-32 module includes its 
own MC68020 CPU, an MC68851 co¬ 
processor for paged memory manage¬ 
ment, an MC68881 floating-point copro¬ 
cessor, and 1M byte of dual-port RAM. 
Top-end configurations include Dual’s 
VESDI (VMEbus Enhanced Small 
Device Interface) board or VSMD 
(VMEbus Storage Module Device) 
board. 

A basic system including card cage, 
power supply, system arbiter, and three 
VMEbus modules (VMPU, VIOP, and 
VUSC) plus hardware and documenta¬ 
tion costs from $14,900 to $26,900. 
Chaparral is sold through original equip¬ 
ment manufacturers (OEMs), value- 


added resellers (VARs), systems in¬ 
tegrators, and distributors. Dual Systems 
Corp. is located at 2530 San Pablo Ave., 
Berkeley, CA 94702. 
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Touch technology for tests 

Interaction Systems, Inc. has an¬ 
nounced a stand-alone capacitive touch 
technology evaluation kit. The ISI 
Model 3100 Touch Controller Kit in¬ 
cludes a Series 3000 capacitive touch 
screen, serial controller, and power sup¬ 
ply. It plugs into any asynchronous port. 
The kit features self-checks, diagnostics, 
and communications loop back tests. It 
utilizes a standard Model 3002 produc¬ 
tion controller board. The kit is priced 
from $595, depending on the screen size 
(9 to 19 inches). Contact Interaction Sys¬ 
tems, Inc., 24Munroe St., Newtonville, 
MA 02160; (617) 964-5300. 
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The Business System 1500 will begin 
shipping in the third quarter of 1986. 

The list price of the twelve configura¬ 
tions available will range from $70,000 to 
$408,000. Contact Texas Instruments 
Inc., Data Systems Group, PO Box 
809063, H-850, Dallas, TX 75380-9063; 
(800) 527-3500. 

Texas Instruments also announced the 
addition of three portable display ter¬ 
minals to its Silent 700 Series. The TI 
Silent 700 TravelMate Series includes the 
TravelMate ($1095 suggested), Travel- 
Mate 1200 ($1295), and TravelMate DT 
($995). All three feature a retractable, 
16-line by 80-column LCD screen, built- 
in 45 cps thermal printer, keyboard, data 
communications interfaces, and applica¬ 
tion and text editing functions. The first 
two come with internal 300-baud and 
300/1200-baud modems, respectively, 
while the TravelMate DT, a desktop ver¬ 
sion, features an EIA RS-232-C interface 
that supports up to 9600-baud communi¬ 
cations. They will be available pending 
FCC approval. Contact the same address 
as above, but send inquiries to PO Box 
809063, H-849. 
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Flexible's C2C joins C1C 

Flexible Computer Corp. has 
announced the C2C, a 32-bit real-time 
computer for the Flex/32 Multicom¬ 
puter. It was designed for Motorola’s 16 
and 20 MHz 68020 processor and will 
function along with Flexible’s C1C, 
which uses National Semiconductor’s 
32-bit 32032 processor. 

The C2C employs a three-ported, 
asynchronous design. It supports 
automatic memory remapping and 
scatter/gather memory mapping. The 
system’s fair access arbitration scheme 
splits memory bandwidth between the 
processor, intercomputer buses, and the 
VMEbus, or assigns the entire band¬ 
width to one function, according to 
need. 

A typical configuration of the Flex/32 
Multicomputer with two C2C real-time 
computers, 2M bytes of memory, an 
80M-byte disk, 67M-byte tape, and soft¬ 
ware costs about $87,000 in OEM quan¬ 
tities. Contact a local sales office or Flex¬ 
ible Computer Corp., 1801 Royal Lane, 
Bldg. 8, Dallas, TX 75229; (214) 
869-1234. 
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IBM delivers portable PC 


IBM’s Entry Systems Division has 
announced the IBM PC Convertible, a 
battery-powered computer that weighs 
less than 13 pounds. It features a 
detachable display that can be removed 
and replaced by optional IBM desktop 
displays, and an optional modem. 

The IBM PC Convertible has an 
80C88 microprocessor and 256K bytes of 
memory, an 80-column by 25-line liquid 
crystal display, a 78-key keyboard, dual 
3'/i-inch disk drives with 720K bytes 
each, a battery pack, and an AC 
adapter. Memory can be expanded to 
512K bytes with the addition of 
128K-byte memory cards. 

The IBM PC Convertible with 256K 
bytes of memory, dual disk drives, LCD, 
keyboard, battery pack, adapter, and 
start-up software costs $1995. Options 
include a matrix printer that attaches to 
the back of the Convertible and draws its 


power from the unit’s battery pack. The 
only version of DOS that supports the 
Convertible, DOS 3.2, costs $95. 

IBM has also announced a new model 
of the PC-AT, three new models of the 
PC-XT, software for communication be¬ 
tween PCs and host computers, two 
series of accounting software, and lower 
prices on a variety of products. 

The IBM PC 3270 Emulation Pro¬ 
grams, Entry Level ($185) and Version 2 
($425), and the IBM 3270 PC Control 
Program, Version 3 ($450), allow IBM 
PCs to communicate with large systems 
as stand-alone workstations, according 
to the company. An enhanced version of 
the PC Network Program, renamed the 
IBM PC Local Area Network Program 
Version 1.1 ($125), supports IBM PCs 
on both the IBM PC Network and the 
IBM Token-Ring Network. It requires 
DOS 3.2. 



The IBM PC Convertible has 256K bytes 
of memory and dual 3V2-inch drives. 


For more information, contact local 
IBM sales offices, or IBM’s Entry 
Systems Division, PO Box 1328, Boca 
Raton, FL 33432; (305) 982-3474. 
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New language parser development tool 


A.L.P. Systems has announced 
PeriPhrase, a rule-based linguistic soft¬ 
ware development environment. Accord¬ 
ing to the company, PeriPhrase suits 
tasks requiring linguistic processing, such 
as the development of natural-language 
interfaces, computer-assisted instruction, 
corpus analysis and terminology extrac¬ 
tion, and compiler development. 

PeriPhrase currently supports devel¬ 
opment of products for English, French, 
German, Italian, Dutch, Danish, Swed¬ 
ish, Norwegian, Russian, and Spanish. 
The company plans support for other 
languages in the future. 

For teaching applications, PeriPhrase 
generates linguistic parsers to analyze 
student responses and activate ap¬ 
propriate tutorials when errors are 
detected. 


PeriPhrase can be used to implement 
compilers for artificial languages, such as 
expert-system rule languages and other 
nontraditional programming languages, 
according to the company. It can be used 
to generate translators for context-sensi¬ 
tive languages. Attributes can be inher¬ 
ited or synthesized. Annotated syntax or 
parse trees can be generated and manipu¬ 
lated automatically. Code can be gener¬ 
ated by tree rewriting or semantic 
actions. 

A.L.P. Systems has two levels of 
PeriPhrase for Unix- and Xenix-based 
environments. Level I consists of the 
PeriPhrase development environment. 
Level II consists of the development en¬ 
vironment plus one or more source- 
language modules. A source-language 


module consists of dictionary support, 
morphological processing, baseform 
reduction, automatic sentence segmenta¬ 
tion, and character set support. 

A.L.P. Systems offers introductory 
prices through June 15, 1986. For one 
CPU, compiler and debugger only cost 
$6000 ($3000 introductory). Level I for 
multiple CPUs costs $21,000 ($11,000 in¬ 
troductory). Level II for a single CPU 
costs $12,000 ($6000 introductory); for 
multiple CPUs, $42,000 ($21,000 
introductory). 

For more information, contact A.L.P. 
Systems, 190 West 800 North, Provo, 

UT 84604; (801) 375-0090. 
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MDB Systems chassis and three-board set expand MicroVAX II 


MDB Systems, Inc. has announced 
two expansion products for MicroVAX 
II computers. The MLSI-BA11-EXP 
allows the addition of six quad size or 14 
dual size modules onto the MicroVAX II 
computer. It consists of an expansion 
chassis (MLSI-BA11-3000) and a three- 
board expansion set (MV-DB11-E) avail¬ 
able by itself. 

According to the company, the Q-Bus 
is repeated over a distance of 10 feet, 


allowing the insertion of modules total¬ 
ing up to 20 DC bus loads into the ex¬ 
pansion chassis. A dual size bus repeater 
module is inserted into the MicroVAX II 
chassis with a second dual size bus 
repeater module inserted into the first 
slot and a dual size bus grant module in¬ 
serted into the last slot of the expansion 
chassis. 

The three-board expansion set comes 
with three 10-foot shielded cables. The 
expansion chassis with which the boards 


are to be used must have provision for 
an unused ‘A’ size option plate. Sold by 
itself the set costs $1945. The MLSI- 
BA11-EXP costs $3595. Discounts are 
available for OEMs and large-volume 
end users. 

For more information contact MDB 
Systems, Inc., 1995 N. Batavia St., 
Orange, CA 92665; (714) 998-6900. 
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New-release software for IBM PCs searches text 


ZyLab Corp. has announced a new 
release of its full-text search software for 
IBM PCs and compatibles. The Zylndex 
2 is compatible with compact disk read¬ 
only memory devices (CD-ROMs), write- 
once-read-many optical disks (WORMs), 
local area networks (LANs), and 26 
word processors, including IBM Dis- 
playWrite 2 and 3, Spellbinder, Office- 
writer, WordPerfect, Multimate, and 
WordStar. The software also displays 


IMSL has released the IMSL Library 
and SFUN/Library for Micro VAX I 
and II computers using the VAX-11 
Fortran compiler running under the 
MicroVMS operating system. The li¬ 
braries are also available on Digital 
Equipment’s VAX-11 mainframe com¬ 
puters under the VAX/VMS operating 
system. 

IMSL Library offers over 500 mathe¬ 
matical and statistical Fortran subrou¬ 
tines. SFUN/Library offers Fortran sub¬ 
programs for evaluating elementary and 
fundamental functions, Bessel functions, 


foreign-language or extended ASCII 
characters. 

The Plus version provides simultane¬ 
ous multiuser read and write access to 
network file servers on IBM Token 
Ring, Novell, and 3Com LANs and is 
compatible with other MS-DOS 3.1- 
and 3.2-based LANs. Both the Plus and 
Professional versions support selective 
searching. 

The Zylndex 2, handling 500 files, 


exponential integrals, error functions, 
trigonometric and hyperbolic functions, 
and gamma functions. 

The IMSL Library’s annual license fee 
on the Micro VAX I and II is $1200 for 
the first year and $1000 for renewal. The 
SFUN/Library’s fee is $850 for the first 
year and $550 for renewal. Organization¬ 
al and paid-up licenses are available, as 
are reduced prices for educational insti¬ 
tutions and discounts for quantity 
orders. Contact IMSL Sales Division, 
2500 ParkWest Tower One, 2500 
CityWest Blvd., Houston, TX 


costs $145; the Professional version, 
handling 5000 files, costs $295; and the 
Plus version, handling 15,000 files, costs 
$695. Tutorial disks plus booklet cost 
$10. Current users can upgrade to Re¬ 
lease 2 for $35. 

For further information, contact 
ZyLab Corp., 233 E. Erie St., Chicago, 
IL 60611; (312)642-2201. 
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RT PC 

77042-3020; (713) 782-6060. 

IMSL also offers the two libraries plus 
the Protran problem-solving system for 
the IBM RT PC using the IBM RT PC 
Fortran-77 compiler, under the Ad¬ 
vanced Interactive Executive (AIX) 
operating system. Protran handles prob¬ 
lem-solving in mathematics, statistics, 
and linear programming, according to 
the company. License prices range be¬ 
tween $850 and $1200 for the first year, 
renewable between $550 and $1000. 
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IMSL Library and SFUN/Library for MicroVAX I and II and IBM 


GUPI helps program programmable devices 


Intel Corp.’s iUP GUPI (Generic 
Universal Programmer Interface) lets 
designers program programmable de¬ 
vices, including erasable programmable 
read-only memories (EPROMs), erasable 
programmable logic devices (EPLDs), 
and programmable microcontrollers. It 
supports a variety of package types, in¬ 
cluding pin grid array, plastic leaded chip 
carriers, and up to 68-pin packages. The 
product works with Intel’s existing line 
of universal PROM programmers, or 
plugs directly into Intel’s iPDS Personal 
Development System. It also supports 
Intel’s CHMOS EPLDs and EPROMs, 
plus Intel’s 87C51, 8795, 8796, and 8797 
microcontrollers. The iUP GUPI costs 
$790, while adapters cost $200 to $250 
each. 

For more information, contact Intel 
Corp., Literature Dept., W-295, 3065 
Bowers Ave., Santa Clara, CA 95051. 

Intel’s iState state machine software 
according to the company allows systems 
hardware designers using EPLDs to de¬ 
velop a state machine design and enter 
the design into the Intel Programmable 
Logic Development System (iPLDS). 

The software supports multiple syntaxes 
for state definition, specification of state 
transitions, inputs, and outputs. It also 
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provides intermixing of state machine 
and Boolean equation designs and the 
use of gates such as D, JK, SR, or T flip- 
flops in designs. Upgrades are available 
for $500. The complete iPLDS sells for 
$2500. Designers who already have an 
iUP series programmer can purchase the 
iPLS software for $1450. For additional 
information, contact Intel’s Literature 
Dept., W-298. 

Intel also announced the addition of 


Lisp Machine, Inc. (LMI) has an¬ 
nounced ObjectLisp, a portable, second- 
generation, object-oriented programming 
paradigm written in Common Lisp. Fea¬ 
tures include portability, software devel¬ 
opment in the ZetaLisp environment, 
implementation in Common Lisp, and 
public domain status. The paradigm uses 
the same syntax as normal Lisp and 
employs function calls. 

ObjectLisp is available on Lambda, 
the LMI AI workstation, and runs on 
non-Lisp computer systems such as Sun 
2 and Sun 3 workstations running Sun 
Common Lisp (Lucid); Silicon Graphics 
Iris Workstation (Franz); IBM PC-AT 
(Gold Hill); DEC VAX/VMS; DEC 


four EPLDs and supporting CAE soft¬ 
ware: the 1800-gate 5C180 and 900-gate 
5C090 EPLDs; two versions of a 
300-gate EPLD, the 5C031 and 5C032; a 
revision of the iPLDS software; and pro¬ 
gramming hardware compatible with the 
EPLD packaging. For more informa¬ 
tion, contact Intel’s Literature Dept., 
W-296. 
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MicroVAX running DEC Common Lisp; 
Symbolics 3600; and the Texas Instru¬ 
ments Explorer. 

The software comes on a half-inch 
magnetic tape packaged with a user’s 
guide and source code. A shipping, 
handling, and media charge of $195 ap¬ 
plies to the first copy. Subsequent copies 
may be made without any obligation to 
LMI. 

For further information, contact Mar¬ 
keting Dept., Lisp Machine, Inc., 6 
Technology Dr., Bldg. #4, Andover, MA 
01810; (617) 682-0500. 
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Robot controller under development 


Unimation Inc. is developing the 
Unival robot control system, also called 
Val III. According to the company, the 
system features up to eight-millisecond 
processing speed, all-digital servo and 
torque control, a modular configuration, 
the Val III programming language, and 
two plug-in vision system options, Univi¬ 
sion III and Conveyorvision. Unival is 
reportedly compatible with standard 
local-area networks such as MAP, 

SECS III, and Intel’s Bit Bus. 

Unival is available in two standard and 
expandable configurations: the Basic 
configuration for single-robot opera¬ 
tions, and the Standard configuration 
for multi-robot/manipulator control in 
single workcells. 

Unival’s capabilities include two- 
dimensional array data manipulation; 
use of integers, real values, variables, 
transformations, and expressions; file 
management; programming constructs; 
battery-backed CMOS memory; con¬ 
tinuous path and point-to-point pro¬ 
gramming in joint, world, tool, and 
workpiece modes; and real-time path 
modifications. 

Univision III is an area vision system 
to identify and locate stationary objects. 
Conveyorvision is a line-scanning vision 
system to identify moving objects on a 
conveyor and determine their locations 


Univision III from Unimation Inc. identifies stationary objects. 


relative to the conveyor. Both can iden¬ 
tify touching and overlapping parts and 
come with preprogrammed software. 

The company anticipates releasing 
Unival this year. For more information, 


contact Unimation Inc., Shelter Rock 
Lane, Danbury, CT 06810; (203) 
796-1069. 
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Puma CAD package targets Apple Macintosh 


Puma Software, Inc. has announced 
Timdom/Mac, a computer-aided design 
package for control system design and 
analysis for the Apple Macintosh per¬ 
sonal computer. The program consists of 
menus of programs for engineering 
mathematical functions, system analysis, 
design, estimation and filtering, and 
model reductions. It can produce two- 
dimensional graphics of relationships. 

The program is written in MS-Basic. 

Mathematics functions include rou¬ 
tines to compute the Eigenvalues and 
Eigenvectors of matrices; calculate 
matrix inverse, rank, and norm; find 
roots of complex polynomials; perform 
Runge-Kutta integration of differential 
equations; and perform curve fits of data 
to polynomials. Timdom/Mac solves Ri- 
catti equations via three methods, 
calculates inverse Z and LaPlace trans¬ 
forms, and calculates linear equation 
solution. 

Analysis functions include routines to 
convert continuous systems to discrete 
form, construct controllability and 
observability matrices for multivariable 
linear time-invariant systems, determine 


stability, calculate transfer functions of 
multiple input/multiple output systems, 
determine state equation solutions for 
continuous and discrete time systems, 
and calculate companion forms of linear 
time invariant systems. 

Design functions include routines to 
determine state feedback control laws via 
pole placement and three types of state 
regulator problem solvers. 

Estimation functions include routines 
to determine full and reduced order 


Metheus Corp. has announced a 
graphics display controller for mini and 
mainframe computers called the Omega 
3610, the first in the modular Omega 
3000 Series. The controller features 
1280-by-1024 resolution with eight to 32 
bit-planes; three twelve-in, eight-out 
lookup tables (LUTs); a custom bit-slice 
processor; independent text overlay; 
hardware pan and zoom circuitry; and 
modular design. According to the com¬ 
pany, the structure effectively offers up 


observer state equations, time scale 
separation, and model aggregation by 
four methods. 

Timdom/Mac runs on a 512K-byte 
Macintosh PC with an external or hard 
disk drive recommended. It costs $999. 

For more information, contact Puma 
Software, Inc., PO Box 34373, Albu¬ 
querque, NM 87176, or Peggy Andrews, 
(505) 265-5270. 
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to 16 eight-in, eight-out LUTs simultane¬ 
ously (depending on the number of in¬ 
stalled bit-planes), with each capable of 
defining a maximum of 16 million 
colors. 

The base price of the Omega 3610 is 
$16,950. Contact Metheus Corp., 5510 
N.E. Elam Young Parkway, Hillsboro, 
OR 97124; (503) 640-8000. 
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MANUFACTURER 

AND MODEL FUNCTION 


Analogic Corp., I/O boards 
ITG1105, ITG1121, 

ITG 1130, ITG 1110 


CMS, 
Rocky I 


Communication Protocol 

Machinery Corp., software, 

Internet, ENP 50, Ethernet node 

ENP 44 processors 


Electronic Vaults, 
Inc., 

UPTA 96 series 


Excelan Inc., 
EXOS 8052-01 
NETBIOS-TCP/IP, 
EXOS 8051-02 
TCP/IP 


Ideassociates, Inc., Multifunction 
Idea Supermax/ board 
EMS 


Imaging 

Technology Inc., 
Series 151 Image 
Processor 


Light Machines Control 

Corp., system 

Linedrive 3000 


Multibus l-compatible I/O boards with A/D conversion modules and varied num¬ 
bers of input and output channels. ITG 1105, ITG 1121, and ITG 1130 replace In¬ 
tel’s SBC 711, SBC 724, and SBC 732 boards, respectively. ITG 1110 upqrades 
Intel’s SBC 711. Cost: $680 for ITG 1105, $640 for ITG 1121, $845 for ITG 1130, 
and $1395 for ITG 1110. Analogic Corp., Industrial Technology Group, 8 Centen¬ 
nial Dr., Centennial Industrial Park, Peabody, MA 01961; (617) 246-0300. 

A hard disk drive controller for IBM PCs and compatibles running MS-DOS Ver¬ 
sion 2.0 or higher or IBM PC-DOS. Uses the ST-506 disk drive interface and sup¬ 
ports one or two drives, each with up to 16 heads and 1024 cylinders Includes 
an on-board ROM BIOS. Cost: $95 (1000s). CMS, 401-B W. Dyer Rd„ Santa Ana 
CA 92707; (714) 549-9111. 

Software and hardware to connect VAX and MicroVAX systems through 
Ethernet. ICMP, UDP, ARP, TCP, and IP protocol modules reside on the 
Ethernet node processor (ENP) boards. ENP 50 conforms to Ethernet 1.0 and 
IEEE 802.3 specifications and links MicroVAX computers to the LAN ENP 44 
links VAX computers to the LAN. Cost: $2500 for Internet, $2500 for ENP 50, 
and $3500 for ENP 44. Communication Machinery Corp., 1421 State St Santa 
Barbara, CA 93101; (805) 963-9471. 

9600-baud intelligent asynchronous modems that operate over dial-up 
telephone lines. UPTA 96 Integral is an integral piggy-back card for a short or 
full expansion slot on IBM PCs or compatibles. UPTA 96/S, a stand-alone 
model, has an RS-232 connector for PC and micro to mainframe applications 
Cost: $895 for UPTA 96 Integral, $995 for UPTA 96/S. Electronic Vaults Inc 
12347-E Sunrise Valley Dr., Reston, VA 22091; (703) 620-3900. 

Run on TCP/IP protocol and on Excelan’s EXOS 205 Intelligent Ethernet Con¬ 
troller Board, and use DOS. EXOS 8052-01 NETBIOS-TCP/IP provides com¬ 
patibility with IBM’s NETBIOS over an Ethernet network. EXOS 8051-02 TCP/IP 
includes a socket library for PC-to-host networking applications. Cost- $95 for 
EXOS 8052-01 NETBIOS-TCP/IP, $595 for EXOS 8051-02 TCP/IP with socket 
library, FTP, and Telnet. Excelan Inc., 2180 Fortune Dr., San Jose CA 95131- 
(408) 434-2300. 

A multifunction board for the IBM PC-AT with expanded, extended, and conven¬ 
tional memory; two serial ports; one parallel port; and memory up to 4M bytes 
Includes print spooling software. Cost: ranges from $495 for a bare board to 
MA 0 5 1821 4 (617r6 e 6 S 36 f 878 emOry ’ ldeassociates ’ lnc - 35 Dunham Rd„ Billerica, 

A VMEbus-based subsystem that connects to the IBM PC-AT. Includes a hard¬ 
ware implementation of area-of-interest processing. Uses four boards: FB-150 
Frame Buffer, ADI-150 A/D Interface, ALU-150 Pipeline Image Processor and 
RTC-150 Real-Time Convolver (optional). Comes with Toolbox 151, a software 
applications development package. Cost: $11,495. Imaging Technology Inc 600 
West Cummings Park, Woburn, MA 01801; (617) 938-8444. 

Follows Run/C, the C Interpreter. Adds loadable libraries, source-level debug¬ 
ging facilities, language implementation of Kernighan and Ritchie C (lacks 
preprocessor conditionals and undefine), and built-in editor. Available for IBM 
PC, PC-XT, PC-AT, and compatibles, plus other systems with MS-DOS and ANSI 
termina 1 drivers. Cost: $250; $85 as upgrade for users of Run/C through version 
1.32. Lifeboat Assoc., 1651 Third Ave., New York, NY 10128; (212) 860-0300. 

Permits the IBM PC, PC-XT, and compatibles to operate a three-axis DC servo 
positioning system in industry standard RS-274D NC code. Off-line storable 
programs. Consists of software and interface card with optional DC servo 
amplifiers and motors. Cost: $4000. Light Machines Corp., 669 E Industrial Dr 
Manchester, NH 03103; (603) 625-8600. 
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MANUFACTURER 
AND MODEL 


FUNCTION 


COMMENTS 


Matrox Electronic 
Systems Ltd., 
VG-640 


Oregon Micro 
Systems, Inc., 
PC68, RS68 


Plessey 
Microsystems, 
PME SCSI-1 


Quadram, 
QuadEMS + 


Rapid Systems, 
Inc. 

R412 Data Loggei 
Peripheral 


Spencer 

Organization, Inc., 
APL Interpreters 


SPS Software 
Products & 
Services, Inc., 
EPOS 


Standard 

Microsystems 

Corp., 

SMC4030-PC 


Star Gate 

Technologies, 

MRB-2000 


Techware, 

Pangloss 


Wendin, 

PCUnix 


Graphics 

controller 


Motion 

control 

subsystems 


SCSI board 


Expanded 

memory 

board 


Data logger 
peripheral 


ALP 

interpreters 


Project 
design and 
development 
software 


Controller 

board 


Expanded 

memory 

board 


Software 


Operating 

system 


A single dual-height VMEbus card that drives a 60 Hz noninterlaced display. 89 

Combines the Hitachi ARCTC graphics controller with a 2D/3D command set 
executed by an on-board 32/16 bit CPU. Has 8 bits/pixel and can display 256 col¬ 
ors from a palette of 262,144. Cost: $2995. Matrox Electronic Systems Ltd., 1055 
St. Regis Blvd., Dorval, Quebec H9P 2T4, Canada; (514) 685-2630. 

68008-based multi-axis motion control subsystems. PC68 interfaces any IBM 90 
PC with up to 10 stepping, linear, or servo motor drives that accept digital 
step and direction commands. RS68 interfaces any RS-232 or RS-422-based 
communication link with up to 6 stepping, linear, or servo motor drives. 

Cost: $1495 for 2-axis PC68; $1295 for 2-axis RS68. Oregon Micro Systems, 

Inc., 15075 N.W. Pioneer Rd„ Beaverton, OR 97006; (503) 644-4999. 

An intelligent VMEbus small computer systems interface (SCSI) board with 91 
an on-board 68008 processor. Capable of asynchronous SCSI bus transfer 
rates of up to 1.5M-bytes/s with DMA transfers of up to 32 bits over the 
VMEbus. Compatible with both VMEbus and ANSI X3T9.2 SCSI specifica¬ 
tions. Cost: $1660. Plessey Microsystems, One Blue Hill Plaza, Pearl River, 

NY 10965-8541; (914) 735-4661. 

An IBM PC-XT expanded memory board. Software switchable between AQA 92 
EEMS (AST/Quadram/Ashton-Tate Enhanced Expanded Memory Specifica¬ 
tion) and LIM EMS (Lotus/Intel/Microsoft Expanded Memory Specification). 
Supports 64K- and 256K-byte chips on the same board at the same time. 

Comes with 256K bytes of memory. Cost: $495. $545 for QuadEMS + I/O, a 
multifunction version. Quadram, One Quad Way, Norcross, GA 30093-2919; 

(404) 923-6666. 

A data logger peripheral for IBM PC, PC-XT, PC-AT, and compatible com- 93 

puters. Hardware features: 8-bit A/D converter, external/internal/event driven 
trigger, BNC input connections, gain ranges from 0.8V to 160V peak in eight 
steps, and diode-protected inputs. Software features: automatic save, strip 
chart printing, auto scrolling, and digital oscilloscope software. Cost: $688. 

Rapid Systems Inc., 755 N. Northlake Way, Seattle, WA 98103; (206) 

547-8311. 

Four APL interpreters based on APL.68000. Come in single or multiuser ver- 94 
sions, 10 or 12 MHz, 512K bytes or 1M byte. Prices start at $995. Spencer 
Organization, Inc., Box 248, 366 Kinderkamack Rd., Westwood, NJ 07675; 
(201)666-6011. 

Software for project design, development, and reporting on the IBM PC, 95 

PC-AT, and compatibles under MS-DOS 3.0 and up. Supports seven design 
methods, switchable during the project. Automatically generates text and 
graphic documentation. Includes integrated management functions. Cost: 
about $14,200 per PC. SPS Software Products & Services, Inc., 14 E. 38th 
St., 14th Floor, New York, NY 10016; (212) 686-3790. 

Controls up to two standard Winchester disk drives, two IBM-compatible 96 

floppy disk drives, and one QIC-02 streaming tape drive. Plug compatible 
with the IBM PC-XT bus. Features split mode compatibility, data error detec¬ 
tion and correction, and on-board data separation. Cost: $275 (1-99). Stan¬ 
dard Microsystems Corp., 35 Marcus Blvd., Hauppauge, NY 11788; (516) 

273-3100. 

For the IBM PC-AT and compatibles operating under multiuser, multitasking 97 
operating systems. Uses standard 256K-byte, 150-ns RAM memory chips. 

Cost: $282 for OK bytes, $429 for 512K bytes, $577 for 1M byte, $725 for 
1.5M bytes, $872 for 2M bytes. Star Gate Technologies, Inc., Suite 109, 

33800 Curtis Blvd., Eastlake, OH 44094; (216) 951-5922. 

Software for multilingual word processing with WordStar. Four alphabets 98 

available: Arabic, Greek, Hebrew, and Russian. Normal English ASCII plus 94 
special characters. For 8-bit systems. Cost: ranges from $169 to $199 
depending on the system. Techware, 474 Willamette St., Suite 201, PO Box 
10545, Eugene, OR 97440; (503) 484-0520. 

A version of AT&T’s Unix for the IBM PC and compatibles. Over 70 com- 99 

mands. Incorporates Wendin’s version of the Bourne shell and includes 
complete source code. Comes on four disks and runs on a 5M-byte hard 
disk. Runs MS-DOS and PC-DOS programs. Cost: $99. Wendin, Box 266, 

Cheney, WA 99004; (509) 235-8088. 
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Recent 1C Announcements 


For more information, circle the appropriate RS No. on the Reader Service Card at the back of the magazine. 

MANUFACTURER --—- 

AND MODEL FUNCTION COMMENTS 


Honeywell, 

HE8000 


Bipolar ASIC 


An 8000-gate array, 1.25-micron, bipolar, application-specific 1C that features 
current mode logic, on-chip testability, programmable-drive macrocells, and 
CAD support. Will be available in a 235-pin pin-grid-array package in the fourth 
quarter of 1986. Cost: $800 (100s). Honeywell Bipolar Product Marketing, Digital 
Product Center, 1150 E. Cheyenne Mountain Blvd., Colorado Springs, CO 80906' 
(800) 328-5111. 


Intech, Inc., A/D converter 

IT574A 


National Semi- ECL RAM 
conductor Corp., 

DM10422A-7 


A 12-bit A/D converter featuring a typical conversion time of 20 p s, 8- or 16-bit 
microprocessor interface, + 10V reference, clock, and three-state outputs A 
successive approximation device with four selectable input ranges, available in 
three grades: 0 to 70 °C (IT574AJD), -55 to + 125 °C (IT574ASD), and with Mil- 
Std-883 screening (IT574ASD/B). Cost: in lots of 100, $34.50 for IT574AJD' $90 
for IT574ASD; and $110 for IT574ASD/B. Intech, Inc., Microcircuits Div 2270 
Martin Ave., Santa Clara, CA 95050-2781; (408) 988-4930. 

A 1024-bit emitter-coupled logic (ECL) RAM. Configured as 256 x 4; also con¬ 
figurable as a 512 x 2 or 1024 x 1 device. Voltage compensated and compati¬ 
ble with 10K and 10KH ECL logic. Available in a 24-pin Cerdip and Guad Cer- 
pack. Cost: in 100s, $13 for the Cerdip and $16 for the Cerpack National 
Semiconductor Corp., 2900 Semiconductor Dr., PO Box 58090, Santa Clara CA 
95052-8090; (408) 721-5421. 


71 


72 


Oki Semiconductor, CMOS gate 
MSM70H000 Series arrays 


Precision D/A converter 

Monolithics Inc., 

DAC-8212 


Signetics Corp., 16-bit micro- 

Military 68000 processor 


Silicon Systems, Read/write 

SSI 520 ASIC 


Standard LAN 

Microsystems controller 

Corp., 

COM9026P 


Ten 2-mi cr °n CMOS gate arrays ranging from 700 to 10,008 gates, with number 
of I/O’s ranging from 66 to 172. Each I/O buffer configurable as input or output, 
CMOS and TTL compatible. Comes with cell library in dual in-line plastic leaded 
? hl iL£ amer ’ pin grid array ’ and flat P ack Packages. Engineering charges: $13,000 
to $50,000. Production pricing ranges from 0.15 to 0.2 cents per gate. Oki 
Semiconductor, 650 North Mary Ave., Sunnyvale, CA 94086; (408) 720-1900. 


A dual multiplying CMOS digital-to-analog converter with a 12-bit-wide data 
port, internal latches, and a reference-resistance match between DAC A and 
DAC B of maximum 1 percent. Available in a 24-pin hermetic DIP in two grades 
(according to accuracy and gain error) over the commercial, industrial, and 
military temperature ranges. Cost: in 100s, $18.45 and $15.26 for commercial 
grade; $21.15 and $18.22 for industrial grade; and $72 and $63 for the military 
grade. Precision Monolithics Inc., 1500 Space Park Dr., PO Box 58020 Santa 
Clara, CA 95052-8020; (408) 727-9222. 


73 


74 


A military-qualified 68000 16-bit microprocessor. Available in 64-pin DIP in 6 and 
?r^l versio . ns as eSOOO-e/BXX (DESC Drawing #8202101YA) and 68000-8/DXX 
(DESC Drawing #8202102YA), respectively. Cost: $346 for 68000-6/BXX and $385 
for 68000-8/DXX (100-999). Signetics Corp., 811 E. Arques Ave., PO Box 3409 
Sunnyvale, CA 94088-3409; (408) 991-2000. 


75 


A four-channel read/write device for thin-film recording heads. For use with 76 

Winchester disk drives and compatible with non-center-tapped thin-film heads 
Comes in 24-pin flatpack. Cost: $20 in OEM quantities. Silicon Systems 14351 
Myford Rd., Tustin, CA 92680; (714) 731-7110. 


A 40-pin, low power plastic version of the COM0926 Arcnet local area network 77 
controller. Cost: $32.80 (100s). Standard Microsystems Corp., 35 Marcus Blvd 
Hauppauge, NY 11788; (516) 273-3100. 


Toshiba America, Z80 micro- 
Inc., processor 

T M PZ84COO P-6 


Weitek Corp., 
WTL 2516C, 
WTL 2010B 


16-bit integer 
multipliers 


88 


A Z80 microprocessor built with CMOS circuitry and a 6-MHz clock Pin- 
compatible with DIP-packaged NMOS Z80 devices. Typical operating current of 
15 mA. Cost: $3.30 (100s). Toshiba America, Inc., 2692 Dow Ave Tustin CA 
92680; (714) 832-6300. 


78 


Fabricated on a 1.2-micron double-metal CMOS process. WTL 2516C is a 79 

16-by-16 bit integer multiplier that operates at 38 ns; WTL 2010B is a multiplier 
accumulator that operates at 45 ns. Cost: $93 for WTL 2516C, $149 for WTL 
2010B (100s, dual in-line packages). Weitek Corp., 1060 E. Arques, Sunnyvale 
CA 94086- tan8\ 7RR.R/im 1 
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NEW LITERATURE 


Reports on expert systems, parallel pro¬ 
cessing. SEAI Technical Publications 
puts out Expert Systems 1986: An 
Assessment of Technology and Applica¬ 
tions (ISBN 0-89671-074-2) and Parallel 
Processing: The Technology of Fifth 
Generation Computers (ISBN 0-89671- 
067-X). Expert Systems by Terri C. 
Walker and Richard K. Miller describes 
over 475 expert systems classified into 24 
categories within manufacturing, 
business, and professional domains. For 
each category the authors provide a 
technology assessment, software inven¬ 
tory, summary of current research, and 
future outlook. They also review over 40 
shells for building expert systems and 
describe the fundamental technology of 
expert systems. Appendixes provide ad¬ 
dresses and telephone numbers of 
organizations in the field, plus a glossary. 
The 369-page book costs $325. Parallel 
Processing explains the workings of 
several SIMD, MIMD, and dataflow ar¬ 
chitectures. It also explores the impact of 
parallel processing and presents projects 
and products of 35 international research 
groups and 19 corporations. A survey 
explores opinions and forecasts. Interna¬ 
tional markets for parallel processing 
computers are examined for 1986, 1988, 
and 1990. The report costs $525. Contact 
SEAI Technical Publications, PO Box 
590, Madison, GA 30650; (404) 

342-9638. 

Computer-aided publishing. InfoVision 
publishes a 140-page guide to who is sell¬ 
ing and what they are selling in the 
computer-aided publishing market. The 
1986 Buyer’s Guide to Computer Aided 
Publishing details specific products, with 
references for summaries of important 
features. Articles discuss the past, pres¬ 
ent, and possible future of the market. 
Order for $85 from InfoVision, Inc., 52 
Dragon Court, Woburn, MA 01801; 

(617) 935-6564. 

CAD/CAM/CAE. A three-part survey 
from Daratech/North Holland details 
the features, capabilities, and limitations 
of these systems. The three manuals are 
CAD/CAM, CAE: The Contemporary 
Technology, Evaluating Today’s Sys¬ 
tems, and Survey, Review and Buyers’ 
Guide. The first volume (ISBN 
0-444-86861-5, 255 pages, Dfl. 475) 
covers the technology. The second 
volume (ISBN 0-444-86862-3, 120 pages, 
Dfl. 350) offers a blueprint for evalu¬ 


ating and planning a turnkey CAD/ 
CAM/CAE purchase, including pitfalls. 
The third volume (ISBN 0-444-86863-1, 
700 pages, Dfl. 750) compiles system and 
industry data, including company pro¬ 
files, product data, and commentary. 
Order from Elsevier Science Publishers 
BV, Book Order Dept., PO Box 211, 
1000 AE Amsterdam, The Netherlands. 
From the USA or Canada, order from 
Daratech Inc., PO Box 410, Cambridge, 
MA 02238. 

A Corporate Strategy for CADI 
CAM!CAE from CyberResearch, Inc., 
describes how to integrate engineering 
CAD systems into corporate information 
systems for productivity improvements. 

It provides details on choosing the ap¬ 
propriate PC hardware and software for 
workstations in all departments. The 
report is free of charge from Cyber- 
Research, Inc., 5 Science Park Center, 
PO Box 9565, New Haven, CT 06536; 
(203) 786-5151. 

New from Addison-Wesley. Software 
Configuration Management: Coordina¬ 
tion for Team Productivity by Wayne A. 
Babich of Wang Laboratories presents 
the philosophy of effective software con¬ 
figuration management, a technique for 
coordinating programmers working 
together to develop a single product. The 
goal is to maximize productivity by 
minimizing wasted effort, duplication, 
and confusion. The author discusses the 
use of Unix and Ada tools for software 
configuration management and provides 
a list of recommended reading. The 
162-page book costs $18.95 (price subject 
to change). 

The Mystical Machine: Issues and 
Ideas in Computing by John Savage, 
Susan Magidson, and Alex Stein 
discusses computer literacy and raises 
important questions about when and 
where computer usage is appropriate. 

The authors based the book on their 
common experience in revising Brown 
University’s introductory computer 
course for humanities majors. Cost: 
$21.95 hardbound. Contact Addison- 
Wesley Publishing Co., Reading, MA 
01867; (617) 944-3700. 

Prolog Sourcebook by David K. Lovison 
tells how to use Prolog to format input 
and output on terminal displays and 
printers. It includes source code and 
defines individual predicates to perform 
various tasks. The book includes a 


demonstration program and targets 
beginners. ISBN 0-934259-10-0, $19.95 
paperbound, from Westcomp, Software 
Engineering Group, 517 N. Mountain 
Ave., Upland, CA 91786-5016. 

VAX software. Digital Equipment Corp. 
offers the third edition of the VAX Soft¬ 
ware Sourcebook , covering programs for 
VAX minicomputers and microcom¬ 
puters. The two-volume set includes 
nearly 2600 application and systems soft¬ 
ware programs. Obtain a free copy, 
order number EJ-28572-46, from Digital 
Equipment Corp., Printing and Circula¬ 
tion Services, Literature Inquiry Fulfill¬ 
ment, 10 Forbes Rd., Northboro, MA 
01532-2597. 

New from Howard W. Sams. Howard 
W. Sams & Co., a division of Mac¬ 
millan, Inc., has brought out the fourth 
printing of the Computer Dictionary by 
Charles J. Sippl for $24.95. The book in¬ 
cludes a dictionary of basic computer 
terms and a handbook of computer- 
related topics. 

Advanced Unix: A Programmer’s 
Guide by Stephen Prata discusses key 
components of the Unix operating sys¬ 
tem and emphasizes problem-solving. It 
covers programming features such as the 
Bourne shell, shell scripts, loops, and 
system calls. It shows how to create Unix 
graphics, allocate and structure data in 
memory, and how to use C in Unix, 
among other things. The 496-page book 
retails for $21.95. Order from Howard 
W. Sams & Co., Dept. R17, 4300 W. 
62nd St., Indianapolis, IN 46268; (317) 
298-5400. 

Developments in U.S. science and tech¬ 
nology. The National Science Board 
publishes Science Indicators: The 1985 
Report with information about Amer¬ 
ican science, engineering, and tech¬ 
nology. Topics covered include support 
for research and development, industrial 
science and technology, public attitudes 
toward science and technology, and ad¬ 
vances in science and engineering. It also 
has chapters on science and mathematics 
education below the college level and on 
the role of instrumentation in advancing 
scientific knowledge. The 330-page 
report, stock number 038-000-00563-4, 
costs $15. Send payment to Dept. 

36-RY, Superintendent of Documents, 
Washington, DC 20402; (202) 783-3238 
for credit card orders. 
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RISC for autos Some euphemisms 


Synergy.You do my work. 

The learning curve.Take it easy; we’ll get there someday. 

Advanced technology.It’s too complicated for me. 

Top-down approach.I’ll do the shallow part, you do the dif¬ 

ficult. 

Modular approach.We buy the subassemblies; the customer 

pays. 

Experience.Obsolescence. 

User-friendly documentation.Hail fellow well met approach. 

Flexibility.Here a jumper, there a jumper, every¬ 

where a jumper jumper. 

RISC fan.I can’t remember all the instructions. 

Portable design.Don’t use the bells and whistles. 


A new automobile design is being 
hailed by its developers as the industry’s 
first significant architectural innovation 
since 1893. Called reduced interior 
seating capacity (RISC), the design is 
said to make automobiles run faster and 
more efficiently by reducing the amount 
of metal in the structure and operating 
with fewer passengers. Fewer capabilities 
and less complex design not only result 
in easier operation, its developers say, 
but free needed steel-production facilities 
for other tasks. According to one Bay 
Area developer, RISC designs contain 
between 80 and 90 percent fewer wheels 
than conventional automobiles. 

Until the arrival of the RISC design, 
the trend in standard automobile con¬ 
struction has been and continues to be 
toward the development of complex 
motor and fuel controls built into the 
engine. A typical RISC automobile, on 
the other hand, limits the power train to 
a simple set of pedals. 

RISC proponents also claim that their 
machines are especially useful in mass- 
transit applications. Instead of large 
buses, which require that all passengers 
follow the same route, RISC machines 
allow each rider to be delivered at high 
speed directly to his destination. 

Research is continuing on this novel 
structure, attempting to solve some of 
the peripheral difficulties, such as how to 
steer with only one wheel. Most impor¬ 
tant, however, will be acceptance not 
only by the consumer, but by the in¬ 
dustry itself. Developers realize that the 
RISC design will not become standard 
until a change is deemed necessary. “It 
will happen as soon as the automobile 
industry decides to get out of its tradi¬ 
tional mode of operation,” said one. 

R. G. Nelson 
NCRI, Inc. 


Chandan Sen 
Research Triangle Institute 

Aphorisms for Abacus 

In the late 1950s Richard W. Ham¬ 
ming originated the famous aphorism, 
“The purpose of computing is insight, 
not numbers.” George E. Forsythe later 
suggested the modification, “The pur¬ 
pose of computing numbers is not yet in 
sight.” 

Abacus is sponsoring a competition, 
soliciting old and new computing 
aphorisms. Competitors are invited to 
suggest aphorisms about computing, in 
matched pairs or singly. If not original, 
give the author and the documentary 
source. One entry each, please, of no 
more than 200 words. 

Book review reviewed 

Paul Gray’s review of Thinking about 
[TLC] Logo ( Computer , March 1986) is 
an example of how one’s preconceptions 
can prevent one from appreciating a 
book. Gray missed the point that the 
book is about thinking, logic, and com¬ 
putation, and uses a version of Logo to 
express ideas. 


Competition rules: Typewritten 
postcards, please. One entry only per 
person, sent to Competition Number 1, 
Abacus, Box 232, Springfield, PA 19604. 
Entries must be received by July 1, 1986; 
foreign postmarks will be given one 
month’s grace. The editors’ decisions are 
final, and all entries become the property 
of Abacus. First-prize winners receive 
two-year subscriptions to Abacus-, run¬ 
ners up will receive one-year subscrip¬ 
tions. Results and winners’ names will 
appear in the fall issue of Abacus. 


How shallow can a book be which in¬ 
cludes the essential ideas for proving 
Godel’s incompleteness theorem? I have 
used the book for a freshman honor’s 
seminar in Logo, and my experience is 
that students are excited and intellectual¬ 
ly stretched by the book. Most of the 
ideas on an object-oriented style of pro¬ 
gramming can be implemented in any 
version of Logo. We have used Dr. Logo 
and IBM Logo, since TLC Logo is not 
available for the IBM PC. 

For Gray to dismiss the book as not 
worthy of one’s time is a disservice to 
your readers. 


The Open Channel is exactly what the name implies: a forum for the free ex¬ 
change of technical ideas. Try to hold your contribution to one page maximum 
in the final magazine format (about 1000 words). 

We’ll accept anything (short of libel or obscenity) so long as it's submitted by 
a member of the Computer Society. If it’s really bizarre we may require you to 
get another member to cosponsor your item. 

Send everything to Jim Haynes, Computer Center, UC Santa Cruz, CA 95065. 
Bitnet: haynes@ucscc; Arpa: ucscclhaynes@ucbvax.berkeley.edu. 
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Roger B. Kirchner 
Carleton College 
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Confessions of a used program salesman-an update 


Since you last heard from me (see 
Computer, April 1982), something has 
happened to the used program business. 
While I was busy basking in that warm 
glow of success that stemmed from find¬ 
ing a way to not reinvent the wheel each 
time I had to get a product out the door, 
it seems that a new lady came into town 
with an even better bag of tricks. 

At first I couldn’t quite figure out the 
exact orientation of the object she was 
peddling. The banter and hoopla that 
surrounded this universal elixir of hers 
was confounded by the reported com¬ 
plexity and sheer immensity of the in¬ 
structions that came with it. Further¬ 
more, the manufacturer’s track record 
was suspect, although the formula they 
were using consisted of elements of 
known therapeutic value. Were they in 
the right proportions? How easy were 
they to use? How did they all fit 
together? I decided to investigate. 

I scheduled a rendezvous with her and, 
I must admit, was a bit taken aback by 
her massiveness and frills, but “You 
can’t judge a book by its cover,” I 
always say, and, besides, she seemed to 
have all the right stuff in the places that 
really mattered. I was most interested in 
her bag of tricks which, she said, con¬ 
tained objects that I would find of value 
in perpetuating my trade of selling used 
programs. What she pulled out were 
packages. Not just ordinary packages, 
like the kind you get on your birthday 
where you have to guess what is inside. 
These packages had an envelope on the 
top of each one which specified what 
was inside them. Like a flash, I could see 
the writing on the wall, but in reality it 
was her writing on those envelopes that 
lit the fire. I could use the packages as 
building blocks without looking inside 
them by just referencing the envelopes 
for instructions on how to use what was 
inside. No more looking under the hood 
of every used program to see what was 
inside, and how to use it. I could just 
keep a file of each of these so-called 
package specifications around to 
reference. 

I asked her what other kinds of talents 
she had. She told me she was good at 
juggling, too. Her bag of tricks had 
some special packages just tailored for 
doing two things at once. I was im¬ 
pressed at the thought, since there were 
many of my used programs I could speed 
up given a mechanism and facility for 
concurrency. I could run on two 
4-cylinder engines instead of a V8 and 
keep my customers happy. 

After this we were making small talk 
when I asked her if she had any other 


classy objects to show. She said there 
was one other package she hadn’t 
shown. I asked her what type it was. She 
said it was a do-it-yourself type. That I 
could make it into any type I wanted and 
it would perform the same function. At 
first, I was skeptical. How could there be 
such a generalized routine? But she 
showed me several instances and I was 
convinced. 

So where does that leave our young 
hero? What is a gentleman to do? This 
casual relationship with the lady has 
turned into a full-fledged courtship. I 
have fully embraced her way of packag¬ 
ing, and she has taught me to juggle. I 
am working on a new set of packages to 
help me in the used program business, 
and I will keep you posted on how they 
turn out. I have learned that while you 


can’t always judge a book by its cover, 
you can pretty well always judge a 
package by its specification. Ada is, at 
first look, a complex lady whose reputa¬ 
tion has been tarnished by accusations 
that she is part of the problem, rather 
than the solution to the software crisis 
(see “The Emperor’s Old Clothes,” 
CACM, Vol. 24, No. 2, Feb. 1981). 
From personal experience, I can honestly 
say that while she is still a little rough 
around the edges, she is a welcome part¬ 
ner in the quest for reusable software 
(the so-called used programs that I pur¬ 
port to sell). 


Will Tracz, your friendly used program 
salesman 

Stanford University 


News of the Strictly Decimal Initiative 


Year after year, the U.S. will lose 
millions of dollars to useless arithmetic, 
converting yards into miles and vice ver¬ 
sa. The problem is serious enough to 
threaten the leading role of the U.S. 
economy. In the computer business, the 
same mistake is being repeated by defin¬ 
ing 1 K of memory as 1024 rather than 
precisely 1000 words. As usual, the egg¬ 
heads of computer science have pretty 
clever reasons, talking about powers of 
two and so on, but avoid finding a sim¬ 
ple solution. Therefore, the President 
has decided to stop arithmetic fatalism 
and pessimism, and has launched a new 
movement, called the Strictly Decimal 
Initiative, aimed at introducing a revolu¬ 
tionary law in mathematics stating that 
2*°= 1000. After it was possible to prove 
that 2 10 equals 1024, why should a great 
nation fail to go one step further? 

The idea is obviously very attractive, 
and has been enthusiastically welcomed 
by many columnists. The idea makes 
sense, because every child can see that 
2 10 does contain a ten already, so it’s 
logical to have a power of ten as the 
result. The Numeric Algorithms Tuning 
Organization, a thoroughly democratic 
club whose president is by definition a 
leading U.S. mathematician, immediate¬ 
ly said that success of the initiative is 
only a question of effort. How else could 
free-world mathematics prove its 
superiority? 

But there are critics, too. Some mathe¬ 
maticians do not even try to hide their 
sardonic laughter, and insist on the tradi¬ 


tional solution. Their usual comment is 
that while the initiative will not achieve 
anything, it will certainly absorb some of 
the best mathematicians for years. 

The Soviet Union has not yet reached 
a standard of computer science that 
would allow them to compete, but they 
have warned the U.S. administration 
that the Strictly Decimal Initiative would 
certainly threaten the process of mutual 
binary formula recognition. 

European partners are not yet sure 
whether they should join the U.S. or 
start their own project, for instance a 
European programming language that 
avoids most of the disadvantages of 
others because it is entirely in French. 

A spokesman for the U.S. Department 
of Decimalization has made clear that 
European cooperation will be appreci¬ 
ated; for safety’s sake, however, num¬ 
bers exceeding 99 will not be passed to 
anybody outside the tj.S. 

Though Congress has trimmed the 
budget proposed by the President, more 
than peanuts is left. Most mathemati¬ 
cians who have won a contract now take 
a pragmatic view, trying to solve the 
problem by stepwise approximation. 
Some results, obtained on special new 
hardware, indicate that it should not be 
beyond our abilities to prove 2 10 = 1023. 
After that, everything else is only a mat¬ 
ter of steady financial support. 

Jochen Ludewig 
ETH Zurich 
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CALL FOR PAPERS 


Call for papers for Computer 


Computer magazine seeks articles that 
cover the state of the art and important 
new developments in computer science, 
technology, and applications. Aimed at a 
broad audience with diverse interests and 
experience, Computer usually publishes 
surveys or tutorials that facilitate the 
transfer of technology from university to 
industry, from research to applications, 
and across specialized fields. Submit six 
copies of the manuscript, including illus¬ 
trations, references, and authors’ biogra¬ 
phies, to the editor-in-chief: 


Michael C. Mulder 
Applied Research 
University of Portland 
Portland, OR 97203 
Phone (503) 283-7433 


Computer also seeks articles on topics 
relevant to upcoming special issues. Sub¬ 
mit six copies of the manuscript directly 
to the guest editor: 


• FAA’s Advanced Automation Pro¬ 
gram: Submit by July 15, 1986, to 
G. V. Kloster, 301 Dexter, Denver, 
CO 80220. 

Lastly, Computer seeks special issue pro¬ 
posals and articles in the following topic 


• microprocessor architectures 

• networking and distributed 
computing 

• computer-integrated manufacturing 

• software quality assurance 

• programming environments 

Prospective guest editors and authors 
should submit proposals and articles 
directly to Michael Mulder. 

An authors’ information sheet can be ob¬ 
tained from Michael Mulder at the above 
address or from the IEEE Computer So¬ 
ciety West Coast Office, 10662 Los Va- 
queros Circle, Los Alamitos, CA 90720; 
(714)821-8380. 


IEEE Expert: Articles are solicited for 
a special issue on building intelligence 
into the software life cycle. The topic includes 
AI techniques and tools for developing and 
laintaining software systems, and software 
t. Submitted materials 


typically (1) range from 15 to 30 double¬ 
spaced, typewritten pages (those at the lower 
end of this page budget are preferred); (2) 
have 1 'A-inch margins; and (3) have no more 
than 10 references. Submit six copies of the 
article by June 15, 1986, to Joseph E. Urban, 
Center for Advanced Computer Studies, 
University of Southwestern Louisiana, PO 
Box 44330, Lafayette, LA 70504; (318) 
231-6304. 

2*2 IEEE Micro: Articles are solicited for a 
special issue on multiprocessing that is 
scheduled for publication in October 1986. 


Submit them by June 15, 1986, to James J. 
Farrell III, VLSI Technology, Inc., 10220 S. 
51st St., Phoenix, AZ 85044. Author guide¬ 
lines may be obtained from James Farrell or 
from the IEEE Computer Society West Coast 
Office, 10662 Los Vaqueros Circle, Los 
Alamitos, CA 90720-2578; (714) 821-8380. 

Third International Conference on 

Data Engineering: February 2-6, 1987, 
Los Angeles, California. Submit four copies 
of papers by June 15, 1986, to IEEE Com¬ 
puter Society, 1730 Massachusetts Ave., NW, 
Washington DC 20036-1903; (202) 371-0101. 

4*1 Compeuro 87, International Con¬ 
es' ference on VLSI and Computers: May 
11-15, 1987, Hamburg, West Germany. Sub¬ 
mit summaries (100 words maximum) by July 
1, 1986, to W. E. Proebster, c/o IBM, PO 


Calls are listed according to submittal deadlines. Conferences that the Computer Socie¬ 
ty participates in or sponsors are indicated by the IEEE Computer Society logo; others 
of interest to our readers are also included. For inclusion in “Call for Papers,” submit 
information six weeks before the month of publication (e.g., for the September 1986 
issue, send information for receipt by July 15, 1986) to COMPUTER, 10662 Los Va¬ 
queros Circle, Los Alamitos, CA 90720. 


Box 80 08 80, D-7000 Stuttgart 80, West Ger¬ 
many. 


Joint Conference: Melecon 87, Mediterranean 
Electrotechnical Conference, and 34th Con¬ 
gress on Electronics (IEEE, RIENA): March 
24-26, 1987, Rome, Italy. Submit three copies 
of a 200-word abstract by June 15, 1986, to 
Melecon 87 and 34th Congress on Electronics, 
Secretariat, c/o RIENA, Via Crescenzio 9, 
00193 Rome, Italy. The IEEE Region 8 stu¬ 
dent paper contest will be held during the 
conference. 


International Switching Symposium (IEEE): 

March 15-21, 1987, Phoenix, Arizona. Sub¬ 
mit six copies of papers (five pages maximum, 
including a 500-word abstract) by July 1, 

1986, to Frank Young, Mountain Bell Tele¬ 
phone Co., 3033 N. Third St., Room 901, 
Phoenix, AZ 85012. 

Sixth Annual Phoenix Conference on Com¬ 
puters and Communications (IEEE): Feb¬ 
ruary 25-27, 1987, Scottsdale, Arizona. Sub¬ 
mit five copies of the paper (5000 words long; 
include a 200-to-300 word abstract) by July 3, 
1986, to Forouzan Golshani, Dept, of Com¬ 
puter Science, Arizona State University, 
Tempe, AZ 85287; (602) 965-2855. 

Lj-i Compcon Spring 87: February 23-26, 
1987, San Francisco, California. This 
conference provides a broad-based technical 
update on the computer field. Persons in¬ 
terested in making technical presentations 
should submit four copies of a proposal rang¬ 
ing from 500 words to a draft manuscript for 
the digest of conference papers. Persons in¬ 
terested in organizing 90-minute sessions in¬ 
volving three speakers should send a descrip¬ 
tion of the proposed session theme and a list 
of suggested speakers. Submit materials in 
both categories by July 11, 1986, to Glen G. 
Langdon, Jr., IBM Dept. K54-802, 650 Harry 
Rd., San Jose, CA 95120-6099; (408) 

927-1818. 


L Fourth International Workshop on 
" Software Specification and Design 


(ACM, AFCET, Agence de I’lnformatique, 
Alvey Directorate, LCRST-Japan): April 3-4, 
1987, Monterey, California. Submit four 
copies of position papers by July 14, 1986, to 
M. T. Harandi, Dept, of Computer Science, 
University of Illinois at Urbana-Champaign, 
1304 W. Springfield, Urbana, IL 61801. 


IEEE Infocom 87: Global Networks- 
Concept to Realization: March 30-April 
2, 1987, San Francisco, California. Submit 
four copies of the complete paper by August 
1, 1986, to Izhak Rubin, 6731 Boelter Hall, 
Electrical Engineering Dept., The University 
of California at Los Angeles, Los Angeles, 
CA 90024; (213) 825-2327. 
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June 1986 

Forefronts 86, Conference on the Forefronts 
of Large-Scale Computational Problems (Los 
Alamos National Laboratory, NSF, SIAM), 
June 16-18, Troy, New York. Contact Harold 
J. Raveche, School of Science, Rensselaer 
Polytechnic Institute, Troy, NY 12180-3590; 
(518) 266-6305. 

International Workshop on Advanced Pro¬ 
gramming Environments (ACM, IFIP), June 
16-18, Trondheim, Norway. Contact Reidar 
Conradi, Division of Computer Science, 
Technical University of Norway, N-7034 
Trondheim, Norway. 

i£jjl Symposium on Logic in Computer 
“ Science (ACM), June 16-18, Cam¬ 
bridge, Massachusetts. Contact Ashok K. 
Chandra, IBM T.J. Watson Research Center, 
PO Box 218, Yorktown Heights, NY 10598; 
(914) 945-1752. 


NCC-86, 1986 National Computer 
^87 Conference (ACM, AFIPS, DPMA, 
SCS), June 16-19, Las Vegas, Nevada. Con¬ 
tact AFIPS, 1899 Preston White Dr., Reston, 
VA 22091; (703)620-8900. 


1986 American Control Conference (ALAA, 
AIChE, ASME, IEEE, ISA, SCS), June 

18- 20, Seattle, Washington. Contact Edwin 
B. Stear, The Washington Technology 
Center, 376 Loew Hall, FH-10, The Universi¬ 
ty of Washington, Seattle, WA 98195; (206) 
545-1920. 

1986 AIC Interim Meeting on Color in 
Computer-Generated Displays (ACM), June 

19- 20, Toronto, Canada. Contact Peter K. 
Kaiser, Dept, of Psychology, York Universi¬ 
ty, North York, Ontario M3J 1P3, Canada; 
phone (416) 667-6335. 

ICC-86, International Conference on Com¬ 
munications (IEEE), June 22-25, Toronto, 
Canada. Contact Hugh J. Swain, Andrew 
Antenna, Ltd., 606 Beech St., Whitby, On¬ 
tario LIN 5S2, Canada; phone (416) 

668-3348. 

jgji Computer Vision and Pattern Recogni- 
^*7 tj on , j une 22-26, Miami Beach, Florida. 
Contact Linda Shapiro, MVI, 325 E. Eisen¬ 


hower, Ann Arbor, Ml 48104; (313) 
996-8033. 


17th Power Modulator Symposium (DoD, 
IEEE), June 23-25, Seattle, Washington. 
Contact Bobby Gray, Rome Air Development 
Center, Griffiss Air Force Base, NY 13441; 
(315) 330-4846. 

CPEM-86, Conference on Precision Elec¬ 
tromagnetic Measurement (IEEE), June 
23-27, Gaithersburg, Maryland. Contact Nor¬ 
man Belecki, B146 Metrology, National 
Bureau of Standards, Gaithersburg, MD 
20899;(301) 921-2715. 

Sigplan 86, Symposium on Compiler Con¬ 
struction (ACM), June 23-27, Palo Alto, 
California. Contact John R. Sopka, Digital 
Equipment Corp., ZKO 2-1/P05, 110 Spit 
Brook Rd„ Nashua, NH 03062. 

IEEE Westex 86, June 24-26, Ana¬ 
heim, California. Contact Gerhard L. 
Hollander, Hollander Associates, Box 2276, 
Fullerton, CA 92633; (714) 879-9005 or 
Russell Bennett, PO Box 2111, Fullerton, CA 
92633-0111; (714)768-3506. 

TI’s Second Artificial Intelligence Satellite 
Symposium: A Step- By-Step Guide to Get¬ 
ting Started, June 25, various sites. Contact 
Texas Instruments, AI Satellite Symposium 
II, PO Box 181153, Austin, TX 78715. 

Workshop on Visual Languages, June 
25-27, Dallas, Texas. Contact Robert R. 
Korfhage, Southern Methodist University, 
Dept, of Computer Science, School of 
Engineering and Applied Science, Dallas, TX 
75275; (214) 692-3083. 

23rd ACM/IEEE Design Automation 
Conference, June 29-July 2, Las Vegas, 
Nevada. Contact Pat Pistilli, MP Associates, 
7366 Old Mill Trail, Suite 101; Boulder, CO 
80301; (303) 530-4562. 

International Summer Institute: State of the 
Art in Computer Graphics - Techniques and 
Applications (ACM, BCS, Computer Graph¬ 
ics Society of Japan), June 29-July 4, Stirling, 
Scotland. Contact David Rogers, Aerospace 
Engineering CAD/ICG Group, US Naval 
Academy, Annapolis, MD 21402 or Frances 
Johnson, University of Leeds, UK; phone 
44-532-459944. 


Workshop on Document Generation Prin¬ 
ciples (ACM), June 30-July 2, Snowbird, 
Utah. Contact Michael Lesk, Bellcore, Room 
2A385, 435 South St., Morristown, NJ 07960; 
(201) 829-4070. 

Fourth IF AC Symposium on Control of 
Distributed Parameter Systems (AACC, 
IEEE), June 30-July 3, Pasadena, California. 
Contact G. Rodriguez, Jet Propulsion 
Laboratory, Mail Station 198-326, 4800 Oak 
Grove Dr., Pasadena, CA 91109; (818) 
354-4057. 

July 1986 

FTCS-16, 16th International Sym- 
^57 posium on Fault-Tolerant Computing 
(IFIP), July 1-3, Vienna, Austria. Contact H. 
Kopetz, Institut fur Praktische Informatik, 
Technische Universitat Wien, GubhausstraBe 
30/180, A-1040 Vienna, Austria; phone 
(0222)56-01. 

International Conference on Systolic Arrays 
(IEEE), July 2- 4, Oxford, England. Contact 
Will Moore, Oxford University, Dept, of 
Engineering Science, Park Rd., Oxford, OX1 
3PJ, UK; phone 0865 59988; telex 83295 
NUCLOX G. 

Second International Conference on Conduc¬ 
tion and Breakdown in Solid Dielectrics 
(IEEE), July 7-10, Erlangen, West Germany. 
Contact P. Fischer, Siemens AG, Abt. ZFE 
CWV 2, PO Box 3240, 8520 Erlangen, West 
Germany; phone 09131-75690. 

APL-86 (ACM, BCS), July 7-11, Manchester, 
England. Contact BISL Conference Dept., 

The British Computer Society, 13 Mansfield 
St., London W1M 0BP, UK. 

Compass 86, Computer Assurance Con¬ 
ference-Systems Integrity, Process Security 
and Safety (IEEE), July 7-11, Washington 
DC. Contact Albert W. Friend, Compass, PO 
Box 3815, Gaithersburg, MD 20878. 

£2^ International Optical Computing Con- 
ference, July 7-11, Shoresh, Israel. 
Contact Joseph Shamir, Dept, of Electrical 
Engineering, Technion, Haifa 32000, Israel; 
phone 04-293273; telex 46406 TECON IL. 

16th Annual Institute in Computer 
Science, July 7-August 29, Santa Cruz, 
California. Contact Ronald C. Smith, Univer¬ 
sity of California Extension, Santa Cruz, CA 
95064; (408) 429-2386. 


Workshop on Software Testing 
^S7 (ACM), July 15-17, Banff, Alberta, 
Canada. Contact Lori Clark, University of 
Massachusetts, Amherst, MA 01003; (413) 
545-1328. 


Conferences that the Computer Society participates in or sponsors are indicated by the 
IEEE Computer Society logo; other conferences of interest to our readers are also includ¬ 
ed. For inclusion in Calendar, submit information six weeks before the month of publica¬ 
tion (e.g., for the September 1986 issue, send information for receipt by July 15,1986) to 
COMPUTER, 10662 Los Vaqueros Circle, Los Alamitos, CA 90720. 
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CAREER OPPORTUNITIES 


RATES: $10.00 per line, $100 minimum charge 
(up to ten lines). Average six typeset words per 
line, nine lines per column inch. Add $8 for box 
number. Send copy at least six weeks prior to 
month of publication to: Sandra J. Arteaga, 
Classified Advertising, COMPUTER Magazine, 
10662 Los Vaqueros Circle, Los Alamitos, CA 
90720. 

In order to conform to the Age Discrimination in 
Employment Act and todiscourage agediscrim- 
ination, COMPUTER may reject any advertise¬ 
ment containing any of these phrases or similar 
ones: “...recent college grads...,” “...1-4 
years maximum experience..up to 5 
years experience...,” or “...10 years max¬ 
imum experience." COMPUTER reserves the 
right to append to any advertisement, without 
specific notice to the advertiser, “Experience 
ranges are suggested minimum requirements, 
not maximums.” COMPUTER assumes that, 
since advertisers have been notified of this 
policy in advance, they agree that any ex¬ 
perience requirements, whether stated as 
ranges or otherwise, will be construed by the 
reader as minimum requirements only. 


Chairman 

Computer Science Department 

Concordia University is seeking a chairman for 
its Computer Science Department. One of the 
five units in the Faculty of Engineering and Com¬ 
puter Science, the department is one of the 
largest in Canada and offers undergraduate and 
graduate programs (to the Ph.D. level) to some 
470 full-time and 444 part-time students. There 
are 26 faculty members. Current research in¬ 
come exceeds $500,000 per year. The major 
areas of research include: distributed process¬ 
ing and VLSI; computer architecture; software 
engineering; computer vision; parallel process¬ 
ing; compilers; database management; symbolic 
computation; operating system; scientific com¬ 
putation. 

The Computer Science Department operates a 
VAX 11/780, running UNIX, and shares a VAX 
11/780, running VMS. The Computer Centre 
operates a VAX 11/750 running VMS, two CDC 
Cybers 825/830 and 835, and PC networks on 
both campuses. 

The Department is a member of the Centre de 
Recherche en Informatique de Montreal, a center 
of excellence for research in Computer Science. 
This position will interest senior academics with 
an established track record in teaching and 
research who are prepared to and capable of 
assuming a leadership role in the development 
of computer science in the Faculty, the Universi¬ 
ty and the nation. 

Application with curriculum vitae should be sent 
to: 

Dr. M. N. S. Swamy, Dean 

Faculty of Engineering and Computer Science 

Concordia University 

1455 de Maisonneuve Blvd. West 

Room H907-7 

Montreal, Quebec 

H3G 1M8 Canada 

In accordance with Canadian immigration re¬ 
quirements, this advertisement is directed to 
Canadian citizens and permanent residents of 
Canada, in the first instance. 


The University of Alberta 
Department of Computing Science 

The Department of Computing Science is 
undergoing an extensive expansion in research 
initiatives. Applications are invited for three 
tenure-track positions at the Assistant/Asso¬ 
ciate Professor level. Responsibilities include 
research as well as teaching at the graduate and 
undergraduate levels. Candidates from all areas 
will be considered. Current hardware support in¬ 
cludes an Amdahl 5870, a network of VAX 
11/780’s, and well equipped mini and micro com¬ 
puter laboratories for graphics, VLSI, and Al 
research. Access to a Cyber 205 is available. 
Salary range is $30,316 to $48,970 and is com¬ 
mensurate with qualifications and experience. 
Send curriculum vitae, names of three refer¬ 
ences, and up to three reprints or papers. New 
Ph.D.’s should also include a copy of their tran¬ 
script. Apply to: Dr. Lee White, Chairman, De¬ 
partment of Computing Science, University of 
Alberta, Edmonton, Alberta, T6G 2H1. Applica¬ 
tions will be accepted until August 31,1986. The 
University of Alberta is an equal opportunity 
employer. 


Computer Software Engineer 

Formulates mathematical models of systems 
and sets up and corrects computer systems to 
solve business and management problems; 
maintains larger on-line software systems using 
IBM/370 hardware or similar; designs & develops 
on-line systems for data center management; 
consults with originator of problems to deter¬ 
mine sources & methods of data collection & 
methods of determining values of variables; ex¬ 
amines and studies verbal descriptions of prob¬ 
lems to apply knowledge of scientific discipline 
and define problems; modifies and implements 
existing software for other hardware, including 
Tandem machines; writes, tests, debugs and 
modifies software using IBM/370 assembler & 
TSO TEST command; writes program documen¬ 
tation manuals and user guides; assists sales 
and marketing personnel in demonstrations of 
these software packages; requires minimum 2 
years experience + Bachelor of Science degree 
in Computer Science or Mathematics, on-line 
systems design experience, knowledge, and use 
of TAL, PL/I, and IBM/370 assembler. Job site 
Los Angeles. Salary $3,000/month. Send this ad 
and your resume to job #2795, PO Box 865, 
Sacramento, CA 95894 not later than June 30, 
1986. 


Systems Analyst 

B.S./Computer Science + four years experience 
or four years Programmer/Analyst. Bi-lingual 
Japanese/English. Design/Programming ex¬ 
perience. NEC’s Astra & Proficiency Cobol re¬ 
quired. Determine clients' business needs, 
develop computerized business/inventory/ac¬ 
counting systems for clients. Analyze data, 
prepare flow charts/diagrams, work with pro¬ 
grammers to debug/eliminate system errors, 
evaluate software/hardware configuration. Pre¬ 
pare instruction manuals. Salary $2683.00 per 
month, 40 hour week. Location and interview: 
Los Angeles. Send resume with this ad to Job 
#MLU1934, P.O. Box 9560, Sacramento, CA 
95823-0560, not later than July 1,1986. 


Argonne National Laboratory 
Mathematics and Computer Science Division 

The Mathematics and Computer Science Divi¬ 
sion of Argonne National Laboratory is expand¬ 
ing its program in advanced computing research. 
This program is aimed at developing algorithms, 
software, and programming techniques for both 
numerical and symbolic computations on com¬ 
puters with advanced architectures. Emphasis is 
given to portability across diverse computer ar¬ 
chitectures. Among the current areas of activity 
are numerical linear algebra, numerical optimiza¬ 
tion, numerical integration, partial differential 
equations, special functions, automated reason¬ 
ing systems, logic programming, and program 
transformation systems. 

In conjunction with this research program, we 
have established an Advanced Computing Re¬ 
search Facility (ACRF) that operates a variety of 
computers with advanced architectures. Cur¬ 
rently in operation are an Alliant FX/8 (with 
vector-parallel capability), an Encore Multimax 
(with 20 processors sharing 20 megabytes of 
memory), a Sequent Balance 8000 (with 12 pro¬ 
cessors sharing 14 megabytes of memory), and 
an Intel iPSC computer system with a hypercube 
architecture. 

Several job opportunities are available in con¬ 
nection with the ACRF: 

• Permanent staff members to conduct research 
in algorithms and software for computers with 
advanced architectures. Large-scale scientific 
computing is an area of particular interest. 

• Permanent staff members to manage and 
operate the ACRF. Applicants should have a 
strong background in scientific computing and 
an interest in parallel computing. Respon¬ 
sibilities will include maintaining the ACRF 
hardware and software, advising ACRF users on 
how to use the computers in the facility, teach¬ 
ing short courses on parallel computing and 
ACRF services and software, writing documen¬ 
tation, and providing local enhancements to 
systems as needed to support our research ac¬ 
tivities. Knowledge of UNIX® is desirable. 

• Short-term and long-term visitors with re¬ 
search interests in algorithms and software for 
computers with advanced architectures. Highest 
priority will be given to applicants whose re¬ 
search interests are in areas that could benefit 
our existing research projects and who are al¬ 
ready active in parallel computing research. 

For more technical information, write Jack 
Dongarra or Rusty Lusk, Advanced Computing 
Research Facility, Mathematics and Computer 
Science Division, Argonne National Laboratory, 
Argonne, Illinois 60439. 

Resumes should be forwarded to: 

Rosalie L. Bottino 
Box J-MCS-2K 

ARGONNE NATIONAL LABORATORY 
9700 South Cass Avenue 

Argonne, IL 60439 
Argonne is an equal opportunity/ 
affirmative action employer. 


ATE Consultants 

Needed by major ATE consulting firm. Long and 
short term assignments throughout U.S. Ex¬ 
perienced only. Send resume to: Box CLM, 10662 
Los Vaqueros Circle, Los Alamitos, CA 90720. 
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University ot Auckland 
New Zealand 

Chair in Computer Science 

The Department of Computer Science at The 
University of Auckland invites applications for a 
newly established second Chair. 

Applicants should be qualified Computer Scien¬ 
tists whose personal qualities and experience 
will enable them to contribute significantly to 
the continuing development of Computer Sci¬ 
ence at Auckland both in teaching and research. 
As the successful candidate will be expected to 
play a leading role in the promotion of research 
within the department, a demonstrated history of 
research administration and liaison with in¬ 
dustry and external agencies is expected in addi¬ 
tion to an accomplished research record. 
Applicants should be prepared to share the 
departmental administrative load including, 
eventually, periods as Head of the Department. 
Commencing salary will be established in the 
range NZ$62,000-77,500 per annum, having re¬ 
gard for qualifications and experience of the can¬ 
didate concerned. 

Further information including Conditions of 
Appointment and Method of Application are 
available from the Assistant Registrar 
(Academic Appointments), University of 
Auckland. Applications should be forwarded 
before the closing date of 30 June 1986. 

W. B. Nicoll, REGISTRAR, University of Auck¬ 
land, Private Bag, Auckland, NEW ZEALAND. 

Michigan State University 

The Department of Computer Science invites ap¬ 
plications for tenure track positions at all levels. 
Candidates from all areas of specialization in 
computer science or computer engineering will 
be considered. The department has a special in¬ 
terest in candidates in the areas of programming 
languages, database systems, artificial in¬ 
telligence and expert systems, robotics, design 
of computer systems and networks, parallel 
computation, dataflow machines, operating sys¬ 
tems and computational complexity. Candidates 
should have a Ph.D. in computer science or com¬ 
puter engineering and have a strong interest in 
both research and teaching. Applications will be 
accepted until the positions are filled. 

As a unit within the College of Engineering at 
Michigan State University, Computer Science of¬ 
fers the Bachelor of Science, Master of Science 
and Doctor of Philosophy degrees. Special sup¬ 
port is available from within the college and 
university to initiate research by new faculty 
members. Michigan State University enjoys a 
park-like campus of 2,100 developed acres and 
3,100 acres of experimental farms, outlying 
research facilities and natural areas. The cam¬ 
pus is adjacent to the cities of East Lansing and 
the capital city, Lansing. The Greater Lansing 
area has approximately 250,000 residents. The 
communities have fine school systems and 
place a high value on education. 

Applicants should send a resume and a state¬ 
ment of research and teaching interests to: 

Dr. Anthony S. Wojcik, Chairperson 
Department of Computer Science 
A714 Wells Hall 
Michigan State University 
East Lansing, Michigan 48824-1027 
CSNET: wojcik@mich-state 
Michigan State University is an Equal Opportun¬ 
ity/Affirmative Action Institution and encour¬ 
ages applications from members of ethnic mi¬ 
nority groups. 

University of California, Berkeley 

Associate Research Engineer, Electronics Re¬ 
search Laboratory, University of California, 
Berkeley. Temporary full time position for one 
year commencing August 1986, with possibility 


of extension contingent upon funding. Salary 
$51,400 to $55,500 per annum, dependent on 
qualifications. Assist in computer architecture 
research with professor and graduate students. 
Develop architectures for high performance Pro¬ 
log machines and implement the architectures 
wiring CMOS-VLSI technology. Ph.D. degree or 
equivalent in Computer Science or related field 
required, and research experience in computer 
architecture, VLSI design, testing of digital 
systems, use and design of silicon compilers for 
special purpose architectures. Applicants must 
also have experience with analysis and design of 
high performance computer systems. Send 
resume to Professor A. Despain by June 30, 
1986, Department of Electrical Engineering and 
Computer Sciences, University of California, 
Berkeley, CA 94720. The University of California 
is an equal opportunity, affirmative action 
employer. 


Portland State University 
Position Announcement 
in Electrical Engineering 

The Department of Electrical Engineering has 
tenure-track faculty positions at the Assistant, 
Associate or Full Professor level available im¬ 
mediately. Applicants must have an earned doc¬ 
torate. Areas of particular interest are VLSI De¬ 
sign, Interactive Computer Graphics, Computer 
Architecture, and Operating Systems. A VLSI de¬ 
sign center, computer vision laboratory, and 
optical communications laboratory have recent¬ 
ly been established in the Portland Center for 
Advanced Technology. Faculty members have 
access to a number of computer installations for 
research purposes including a VAX 11/780, IBM 
4381, Gould 9000, a number of PDF 11 installa¬ 
tions and a CDC Cyber system. In addition, the 
Department of Electrical Engineering has state- 
of-the-art laboratory facilities in computer 
graphics and microcomputer systems. Respon¬ 
sibilities include undergraduate and graduate 
teaching, development of sponsored research 
and interaction with local industry. 

Portland has a rapidly-growing computer and 
electronics industry including Tektronix (world 
headquarters), Intel, Hewlett-Packard, Floating 
Point Systems (headquarters), Electro-Scientific 
Industries, Northwest Instruments, Sequent 
Computer Systems, Metheus, Mentor Graphics, 
Oregon Software, Lattice, etc., which permits 
close industry-university interaction. 

During the past three years, the computer and 
electronics industry, the State of Oregon, and 
the City of Portland have launched major initia¬ 
tives to expand computer science and electrical 
engineering education and research. These in¬ 
clude $3 million distributed by the Oregon High 
Technology Consortium, a $3.5 million five-year 
program funded by the Tektronix Foundation, 
and the acquisition of a 30,000 square foot facili¬ 
ty (the Portland Center for Advanced Technol¬ 
ogy), which houses the Departments of Com¬ 
puter Science and Electrical Engineering. 

While this search is primarily for experienced 
faculty, we also strongly encourage recent grad¬ 
uates to apply. Rank and salary are commen¬ 
surate with qualifications and experience. Send 
an application, including a resume listing the 
names of three references to: 

Dr. P. A. Frick, Department Head 
Electrical Engineering Department 
Portland State University 
P.O. Box 751 
Portland, Oregon 97207 
Telephone: (503) 229-3806 
Non-U.S. residents must state their visa status. 
Portland State University is an equal opportun¬ 
ity/affirmative action employer. Qualified minor¬ 
ities, women, and members of other protected 
groups are encouraged to apply. 


COMPUTER SCIENTIST 

Cranston/Csuri Productions is currently 
searching for qualified applicants for one or 
more positions of Computer Graphics Software 
Specialists. Of particular interest are Individ¬ 
uals with experience in the areas of display 
algorithms, geometric modeling, and systems 
software. C/CP has a staff of 40 professionals, 
including animation and technical personnel in 
addition to computer science personnel. C/CP 
utilizes DEC VAX, Pyramid, and SUN computer 
systems, with internally designed frame buf¬ 
fers outputting to video or film recorders.The 
software development environment consists of 
Unix with C. Interested parties should submit a 
resume, transcripts, and three letters of ref¬ 
erence to: Doreen P. Close, Computer Graphics 
Software Specialist, Cranston/ Csuri Produc¬ 
tions, Inc., 1501 Neil Ave., Columbus, OH 
43201. Preference will be given to those in¬ 
dividuals with a Master of Science degree in 
Computer Science. 


College of Science 
Department of Computer Sciences 
Al-Jadyria, Baghdad, Iraq 

The Computer Science Department of the 
University of Baghdad, College of Science in¬ 
vites applications for faculty positions at all 
ranks for one year or more. Applicants should 
have Ph.D. in computer science or computer en¬ 
gineering in one of the following areas: operating 
systems, compiler constructions, file organiza¬ 
tion and database, computer network, software 
engineering, information systems. 

The department offers both B.S. and M.S. 
degrees. The computer facilities include two 
Unix-based systems, many micros, microproces¬ 
sor-development lab and digital logic lab. 

The applicants should have commitments for 
both teaching and research. Applications with 
available certificates should be mailed to the 
following address: 

Chairman 

Department of Computer Science 
College of Science 
University of Baghdad 
Al-Jadyria, Baghdad 
Iraq Telex 212197 


Dahlgren Chair 
Computer Science 
Virginia Tech 

Applications and nominations of distinguished 
computer scientists are sought for the John 
Adolphus Dahlgren Chair, created in the Depart¬ 
ment of Computer Science at Virginia Tech 
through a research agreement with the U.S. 
Navy. The Chair provides unique opportunities 
for large-scale research projects through the 
university’s multidisciplinary Systems Research 
Center. 

Candidates with distinguished records in re¬ 
search and scholarship are sought who can exer¬ 
cise a leadership role among the 20 computer 
science faculty and also provide guidance to 
research programs pursued by Naval laborato¬ 
ries. Candidates are particularly sought who 
have expertise in software engineeing, artificial 
intelligence, distributed processing systems, 
human/computer interaction, and/or perfor¬ 
mance analysis. 

To submit applications or nominations, or for ad¬ 
ditional information, contact Dr. Dennis Kafura, 
Dahlgren Chair Search Committee, Department 
of Computer Science, Virginia Tech, Blacksburg, 
VA 24061 by mail; (703) 961-6931 by phone; or 
“kafura@vpi” by CSNET. The search will con¬ 
tinue until the position is filled. 

Virginia Tech is an Equal Opportunity/Affirma¬ 
tive Action Employer. 
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Open new doors at Boeing 

Some of the most respected scientific minds in the country are open¬ 
ing new doors to significant advancements in electronics. 

If you’re qualified, you could join them at the new Boeing Electronics 
High Technology Center in Bellevue, Washington. Just minutes from the 
University of Washington and Seattle. In an attractive, creative environ¬ 
ment for advanced research, away from distractions. 

The Center is equipped with state of the art laboratories where you 
can develop, test and perfect your ideas. 

The positions are open to candidates with advanced degrees (MS or 
Ph.D) in Electronic Engineering, Physics, Physical Chemistry, Materials 
Science, Computer Science or Applied Mathematics. 

If you believe as we do, that the most exciting era in Electronics, 
Electronics/Photonics has just begun, send your rdsum6, with present 
and expected salary, to The Boeing Company, P.O. Box 3707-DBD, 
Seattle, WA 98124. Who knows. You may be the next person to 
cross the threshold to an electronics/photonics 
breakthrough. ^ 


Boeing needs world- 
class engineers and 
scientists for these 
specialties 
Photonics 
Fiber optics sensors 
Wideband data devices and 
components 
Infrared and visible 
spectrum sensors 
Optical communications 
Optical information 
processing 

Radio 
Frequency 
Monolithic microwave 
integrated circuits 
Millimeter wave integrated 
circuit technology 
Advanced devices and 
circuit components 
Secure, reliable trans¬ 
mitters and receivers 

Microelectronics 
Radiation hardened circuits 
and devices 

Advanced group III-V circuit 
technology 

Advanced microelectronics 
packaging and interconnects 
Advanced integrated 
circuits 

Information 
Processing 
Ultrareliable computer 
architectures 
High performance com¬ 
puter architectures 
Signal and image 
processing 
Symbolic processing 
Machine vision 
Advanced display 
concepts 

Materials 
Processing 
Crystal growth 
(III-V, II-VI) 

Bulk and thin film device 
fabrication 
Materials and device 
characterization 

Independent 

Research 

Advanced electro-optic 
materials 
3D structures 
Innovative concepts 
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WATCOM Programming Languages have been de¬ 
veloped to optimize programmer efficiency. With 
features such as integrated debugging, accurate and 
informative error diagnostics, and one-step com¬ 
pilation and execution, WATCOM's languages are 
perfect for special academic environments. Students 
accomplish more without technical consultation. 
Time spent debugging programs is minimized. 




The University of Waterloo has been developing ac¬ 
ademic languages since 1965. In affiliation with the 
University, WATCOM distributes the wide range of 
languages from both the University of Waterloo and 
WATCOM. This creative partnership together brings 
together the expertise, experience and support 


JCOM has an outstanding collection of lan¬ 
guages available for IBM mainframes, IBM PC's,* 
and Digital VAX's.* Load-and-go compilers ir 
WATFOR-77* [FORTRAN), WATBOL* {COBOL), and 
Waterloo PASCAL. Waterloo BASIC is our incremen¬ 
tal compiler. And WATCOM Interpreters include 
APL, BASIC, COBOL, and Pascal. 

Precise documentation is available with WATCOM's 
comprehensive textbooks, manuals, primers, and 
tutorials. Our regular software product releases and 
Newsletters keep you up to date. And, WATCOM's 
telephone Hotline is always there when you need it. 


WATCOM—more than just software 


With more than 200,000 licenses worldwide, WATCOM is 
a leading developer of educational software tools. \XATCOM 
means compilers, interpreters, and local area networks. 

Plus document composition and data management 
applications. All WATCOM products are engineered for 
optimum human efficiency and productivity. 

But we're more than just software. Our people's active 
involvement with educators spans two decades, enabling 


us to produce and support software which meets specific 
academic requirements. WATCOM is a coiporate partner of 
Waterloo's Institute for Computer Research and of 
EDUCOM. Partnerships such as these keep WATCOM on 
the leading edge of software developments and academic 
requirements. 

Make the right choice. Call or write WATCOM today and 
we'll tell you all about our people-efficient products. 


right choice in software. 


WATCOM PRODUCTS INC. 

415 Phillip Street 
Waterloo, Ontario, Canada 
N2L3X2 

( 519 ) 886-3700 

Telex 06-955458 
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ks of international Business Machines Corporation. 
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